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Foreword

This curriculum supplement, from The NIH Cur-
riculum Supplements Series, brings cutting-edge
medical science and basic research discoveries
from the laboratories of the National Institutes of
Health (NIH) into classrooms. As the largest med-
ical research institution in the United States, NIH
plays a vital role in the health of all Americans,
and seeks to foster interest in research, science,
and medicine related careers for future genera-
tions. NIH’s Office of Science Education (OSE) is
dedicated to promoting science education and sci-
entific literacy.

We designed this curriculum supplement to com-
plement existing life science curricula at both the
state and local levels and to be consistent with the
National Science Education Standards.* It was devel-
oped and tested by a team composed of teachers
from across the country, scientists, medical
experts, and other professionals with relevant
subject-area expertise from institutes and medical
schools across the country, an NIH scientist or
representative from each of the 25 institutes, and
curriculum design experts from Biological Sci-
ences Curriculum Study (BSCS) and Videodiscov-
ery. The authors incorporated real scientific data
and actual case studies into classroom activities. A
three-year development process included geo-
graphically dispersed field tests by teachers and
students.

The structure of this module enables teachers to
effectively facilitate learning and stimulate stu-
dent interest by applying scientific concepts to
real-life scenarios. Design elements include a con-
ceptual flow of lessons based on BSCS’s 5E
Instructional Model of Learning, multi-subject-
integration emphasizing cutting-edge science
content, and built-in assessment tools. Activities
promote active and collaborative learning and are
inquiry-based to help students develop problem-
solving strategies and critical thinking.

NIH will release new supplements each year tar-
geting students between grades K-12. Each cur-
riculum supplement comes with a complete set of
materials for both teachers and students including
printed materials, extensive background and
resource information, and a CD-ROM with videos
and interactive activities. These supplements are
distributed at no cost to teachers across the United
States. All materials may be copied for classroom
use, but may not be sold. We welcome feedback
from our users. For a complete list of curriculum
supplements, updates, availability and ordering
information, or to submit feedback, please visit
our Web site at: http://science-education.nih.gov or
write to:

Curriculum Supplements Series

Office of Science Education

National Institutes of Health

6705 Rockledge Dr., Suite 700 MSC 7984
Bethesda, MD 29892-7984

We appreciate the valuable contributions of the
talented staff at Biological Sciences Curriculum
Study (BSCS) and Videodiscovery, Inc. We are also
grateful to the NIH scientists, advisors, and all
other participating professionals for their work
and dedication. Finally, we thank the teachers and
students who participated in focus groups and
field tests to ensure that these supplements are
both engaging and effective. | hope you find our
series a valuable addition to your classroom and
wish you a productive school year.

Bruce A. Fuchs, Ph.D.
Director

Office of Science Education
National Institutes of Health

! The National Academy of Sciences released the National Science Education Standards in December 1995 outlining what all citizens should
understand about science by the time they graduate from high school. The Standards encourages teachers to select major science con-
cepts that empower students to use information to solve problems rather than stressing memorization of unrelated information.






About the National Institutes of Health

The National Institutes of Health (NIH), the
world’s top medical research center, is charged with
addressing the health concerns of the nation. The
NIH is the largest U.S. governmental sponsor of
health studies conducted nationwide.

Simply described, the NIH’s goal is to acquire new
knowledge to help prevent, detect, diagnose, and
treat disease and disability, from the rarest genetic
disorder to the common cold. The NIH works
toward that goal by conducting research in its own
laboratories in Bethesda, Maryland and at several
other locations throughout the United States; sup-
porting the research of nonfederal scientists
throughout the country and abroad; helping to
train research investigators; and fostering commu
nication of medical information to the public.

The NIH A principal concern of the NIH is to
Supports invest wisely the tax dollars
Research entrusted to it for the support and

conduct of medical research.

Approximately 82 percent of the investment is
made through grants and contracts supporting
research and training in more than 2,000 universi
ties, medical schools, hospitals, and research insti
tutions throughout the United States and abroad.

Approximately 10 percent of the budget goes to
more than 2,000 projects conducted mainly in NIH
laboratories. About 80 percent covers support costs
of research conducted both within and outside the
NIH.

NIH Research Toapply foraresearch grant, an
Grants individual scientist must sub

mit an idea in a written applica
tion. Each application undergoes a peer review
process. A panel of scientific experts, who are active
researchers in the medical sciences, first evaluates
the scientific merit of the application. Then, a
national advisory council or board, composed of
eminent scientists as well as members of the public
who are interested in health issues or the medical
sciences, determines the project’s overall merit and
priority. Because funds are limited, the process is
very competitive.

The Nobelists The rosters of those who have

conducted research, or who
have received NIH support over the years, include
some of the world’s most illustrious scientists and
physicians. Among them are 101 scientists who
have won Nobel Prizes for achievements as diverse
as deciphering the genetic code and learning what
causes hepatitis.

Five Nobelists made their prize-winning discover
ies in NIH laboratories: Doctors Christian B. Anfin
sen, Julius Axelrod, D. Carleton Gajdusek, Marshall
W. Nirenberg, and Martin Rodbell.

Impact of the The research programs of the

NIH on the NIH have been remarkably suc-
Nation’s cessful during the past 50 years.
Health NIH-funded scientists have

made substantial progress in
understanding the basic mechanisms of disease
and have vastly improved the preventive, diagnos
tic, and therapeutic options available.

During the past few decades, NIH research played a
major role in making possible achievements like these:

= Mortality from heart disease, the number
one killer in the United States, dropped by
36 percent between 1977 and 1999.

= Improved treatments and detection methods
increased the relative five-year survival rate
for people with cancer to 60 percent.

= With effective medications and psychother
apy, the 19 million Americans who suffer
from depression can now look forward to a
better, more productive future.

= Vaccines protect against infectious diseases
that once killed and disabled millions of
children and adults.

< In 1990, NIH researchers performed the first
trial of gene therapy in humans. Scientists are
increasingly able to locate, identify, and
describe the functions of many of the genes in
the human genome. The ultimate goal is to
develop screening tools and gene therapies
for the general population for cancer and
many other diseases.



Educational and Training The NIH offers
Opportunities at the NIH myriad opportu

nities including
summer research positions for students. For
details, wvisit http://science-education.nih.gov/
students.

For more information about the NIH, visit http://
www.nih.gov.

The NIH The NIH Office of Science Educa-
Office of tion (OSE) is bringing exciting new
Science resources free of charge to science
Education teachers of grades kindergarten

through 12. OSE learning tools sup-
port teachers in training the next generation of sci
entists and scientifically literate citizens. These
materials cover information not available in stan
dard textbooks and allow students to explore bio
logical concepts by using real world examples. In
addition to the curriculum supplements, OSE pro
vides a host of valuable resources accessible
through the OSE Web site (http://science-educa-
tion.nih.gov), such as

= Snapshots of Science and Medicine.? This
online magazine—plus interactive learning
tools—is designed for ease of use in high school
science classrooms. Three issues, available for
free, are published during the school year. Each
focuses on a new area of research and includes
four professionally written articles on findings,
historical background, related ethical questions,
and profiles of people working in the field. Also
included are a teaching guide, classroom activi

ties, handouts, and more. (http://science-educa-
tion.nih. gov/snapshots)

= Women Are Scientists Video and Poster Series.?
This series provides teachers and guidance coun
selors with free tools to encourage young women
to pursue careers in the medical field. The infor
mative, full-color video and poster sets focus on
some of the careers in which women are cur
rently underrepresented. Three video and poster
sets are now available: Women are Surgeons,
Women are Pathologists, and Women are Researchers.
(http:// science-education.nih.gov/women)

= Internship Programs. Visit the OSE Web site to
obtain information on a variety of NIH programs
open to teachers and students. (http://science-edu-
cation.nih.gov/students)

National Science Teacher Conferences. Thou-
sands of copies of NIH materials are distributed
to teachers for free at the OSE exhibit booth at
conferences of the National Science Teachers
Association and the National Association of Biol
ogy Teachers. OSE also offers teacher-training
workshops at many conferences. (http://science-
education.nih.gov/exhibits)

In the development of learning tools, OSE supports
science education reform as outlined in the National
Science Education Standards and related guidelines.

We welcome your comments about existing
resources and suggestions about how we may best
meet your needs. Feel free to send your comments to
us at http://science-education.nih.gov/feedback.

23 These projects are collaborative efforts between OSE and NIH Office of Research on Women'’s Health.



About the National Institute on Drug Abuse

The National Institute on Drug Abuse (NIDA), one
of the research institutes that comprise the National
Institutes of Health, was established in 1974 as the
Federal focal point for research, treatment, preven
tion and training services, and data collection on
the nature and extent of drug abuse. NIDA’s mis
sion is to lead the Nation in bringing the power of
science to bear on drug abuse and addiction. This
charge has two critical components. First, NIDA
supports and conducts research across a broad
range of disciplines to explore the biomedical and
behavioral foundations of drug abuse. Second,
NIDA ensures that the results of research are
rapidly and effectively disseminated so that the sci
entific findings can be used to improve drug abuse
and addiction prevention, treatment, and policy.

NIDA is the world’s leading supporter of research
on the health aspects of drug abuse and addiction.
NIDA-supported science addresses the most fun
damental and essential questions about drug abuse,
ranging from the molecule to managed care, and
from DNA to community outreach research. When
NIDA was founded, many people incorrectly
viewed drug abuse as a problem of people with
character flaws and weak wills. Today, thanks to the
research accomplishments of hundreds of scien
tists, those simplistic ideologies are being replaced
by a better understanding of the complex biologi
cal, behavioral, social, and public health aspects of
drug abuse. Scientists have shown that while initial
experimentation with drugs may be voluntary, con
tinuing drug abuse changes the brain in fundamen
tal and long-lasting ways. These brain changes
trigger the compulsive drug-seeking and drug-tak
ing behaviors that are the hallmarks of drug addic
tion. NIDA's scientists have clearly shown that
drug abuse is a preventable behavior and drug
addiction is a treatable brain disease. Among the
many and diverse accomplishments over the past
three decades, NIDA-supported research has:

= identified the molecular sites in the brain
where every major drug of abuse—opiates,
cocaine, PCP, and THC (the active ingredient
in marijuana)—has its initial effect. These dis
coveries, together with computer-aided drug

Xi

design, are paving the way to development
of novel medications to break the cycle of
addiction.

produced a neurobehavioral model to
explain drug-taking behavior to improve
treatment and rehabilitation methods.
supported the development of two medica
tions, LAAM and naltrexone, through the
approval process by the FDA for the treat
ment of opiate addiction.

supported the development and evaluation
of pharmacologic treatment for newborns
withdrawing from exposure to narcotics.
defined nicotine addiction and the scientific
basis for therapy using nicotine gum and skin
patches.

pioneered innovative community-based
research on AIDS prevention efforts that
showed that drug users will change AIDS
risk behaviors, which can reduce their sus
ceptibility to HIV infection and AIDS.
demonstrated that participation in
methadone treatment significantly reduces
HIV seroconversion rates and decreases
high-risk behaviors.

demonstrated that successful drug abuse
treatment reduces criminality as well as
relapse to addiction.

demonstrated the value of treating drug
abusers’ depression and other mental disor
ders to improve the results of addiction
therapy.

measured the positive impact of comprehen
sive research-based community drug preven
tion strategies that involve the media,
schools, families, neighborhoods, and the
workplace.

used advanced imaging techniques to iden
tify in awake humans the specific brain cir
cuits that are involved in craving, euphoria,
and other sequelae of drug addiction. These
exciting studies will provide the foundation
for the development of new, targeted medica
tions to block individual aspects of drugs.

= used molecular genetic technologies to clone

the genes for the major receptors for virtually



every abusable drug, thus providing scien
tists with the tools necessary to study in fine
detail how drugs of abuse exert their many
behavioral effects.

= produced genetically engineered animals in
which a particular drug receptor had been
eliminated or “knocked out.” These animals
are providing unprecedented insight into
how drugs exert their many effects in the
brain and produce addiction.

= demonstrated that prenatal exposure to ciga
rettes and marijuana have long-term effects
on cognitive performance.

= successfully immunized rats against the psy
chostimulant effects of cocaine, thus opening
up the possibility of developing a vaccination
against cocaine addiction.

The results of these and other achievements
through NIDA-funded research offer this country’s
best hope for solving the medical, social, and pub
lic health problems of drug abuse and addiction.

The need for greater knowledge of drug abuse con

tinues to grow. Ever-changing drug use patterns, the
continuing transmission of HIV infection among
drug abusers, and the need to develop new and
effective treatment and prevention methods under-
score the importance of research in finding new and
better ways to alleviate the pain and devastation of
addiction. NIDA'’s goals for the future include:

= to design and develop new medications for
opioid and cocaine addiction, especially for
use during pregnancy, by building on the
recent molecular discoveries that have
uncovered the basis for addiction in the
brain.

= to develop techniques to detect subtle effects
of drug exposure in children of drug-using
parents to provide opportunities for early
preventive or clinical intervention.

Xii

= to broaden research on women and addiction

to determine the biological and behavioral
differences that need to be addressed in effec
tive drug abuse prevention and treatment.
to reduce the spread of HIV infection
through improved drug abuse interventions
and better understanding of the interactions
of drugs of abuse and the body’s immune
system.

to apply state-of-the-art neuroimaging tech
niques to the problems of drug abuse preven
tion and treatment.

to design, develop, and test new behavioral
therapies and promote their use for appropri
ate patient populations.

to study the treatment of special clinical prob
lems presented by drug abusers with HIV,
tuberculosis, hepatitis, and other infections.
to understand the organization and financing
of drug abuse treatment and its benefits to
the larger health care system.

to identify the protective and resiliency fac
tors that prevent drug use in those individu
als with multiple risk factors so more
effective prevention techniques can be
developed.

to strengthen the research infrastructure, by
providing additional opportunities for
research training and career development for
clinical researchers and improved mecha
nisms for training and mentoring of minority
researchers.

to expand the use of scientific information to
educate the public about the real nature of
drug abuse and addiction and the hope and
promise for more effective prevention and
treatment.

* to broaden the dissemination of research

findings and improve drug abuse prevention
and treatment practice and policy.



The Essence of Drug Addiction

By Alan I. Leshner, Ph.D., Director, National Institute on Drug Abuse

(NAPS)-The word “addiction” calls up many dif
ferent images and strong emotions. But what are
we reacting to? Too often we focus on the wrong
aspects of addiction so our efforts to deal with this
difficult issue can be badly misguided.

Any discussion about psychoactive drugs, partic
ularly drugs like nicotine and marijuana,
inevitably moves to the question “but is it really
addicting?” The conversation then shifts to the so-
called types of addiction—whether the drug is
“physically” or “psychologically” addicting. This
issue revolves around whether or not dramatic
physical withdrawal symptoms occur when an
individual stops taking the drug, what we in the
field call “physical” dependence.

The assumption that follows then is that the more
dramatic the physical withdrawal symptoms, the
more serious or dangerous the drug must be.
Indeed, people always seem relieved to hear that a
substance “just” produces psychological addic
tion, or has only minimal physical withdrawal
symptoms. Then they discount its dangers. They
are wrong. Marijuana is a case in point here, and |
will come back to it shortly.

Three decades of scientific research,
coupled with even longer clinical
experience, has taught us that focus

ing on this physical vs. psychological distinction is
off the mark, and a distraction from the real issue.
From both clinical and policy perspectives, it does
not matter much what physical withdrawal symp

toms occur. Other aspects of addiction are far more
important.

Defining
Addiction

Physical dependence is not that important
because, first, even the florid withdrawal symp
toms of heroin and alcohol addiction can be man-
aged with appropriate medications. Therefore,
physical withdrawal symptoms should not be at
the core of our concerns about these substances.

Second, and more important, many of the most
addicting and dangerous drugs do not even produce
very severe physical symptoms upon withdrawal.
Crack cocaine and methamphetamine are clear

xiii

examples. Both are highly addicting, but stopping
their use produces very few physical withdrawal
symptoms, certainly nothing like the physical
symptoms of alcohol or heroin withdrawal.

What does matter tremendously is whether or not
a drug causes what we now know to be the
essence of addiction: uncontrollable, compulsive
drug seeking and use, even in the face of nega-
tive health and social consequences. This is the
crux of how many professional organizations all
define addiction, and how we all should use the
term. It is really only this expression of addic
tion—uncontrollable, compulsive craving, seek-
ing and use of drugs—that matters to the addict
and to his or her family, and that should matter to
society as a whole. These are the elements respon
sible for the massive health and social problems
caused by drug addiction.

Essence of
Addiction

Drug craving and the other com-
pulsive behaviors are the essence
of addiction. They are extremely
difficult to control, much more difficult than any
physical dependence. They are the principal tar-
get symptoms for most drug treatment programs.
For an addict, there is no motivation more power
ful than drug craving. As the movie “Trainspot
ting” showed us so well, the addict’s entire life
becomes centered on getting and using the drug.
Virtually nothing seems to outweigh drug craving
as a motivator. People have committed all kinds
of crimes and even abandoned their children just
to get drugs.

Focusing on addiction as com-
pulsive, uncontrollable drug use
should help clarify everyone’s
perception of the nature of addiction and of
potentially addicting drugs. For the addict and
the clinician, this more accurate definition forces
the focus of treatment away from simply manag
ing physical withdrawal symptoms and toward
dealing with the more meaningful, and powerful,
concept of uncontrollable drug seeking and use.
The task of treatment is to regain control over
drug craving, seeking and use.

Rethinking
Addiction



Rethinking addiction also affects which drugs we
worry about and the nature of our concerns. The
message from modern science is that in deciding
which drugs are addicting and require what kind
of societal attention, we should focus primarily on
whether taking them causes uncontrollable drug
seeking and use. One important example is the use
of opiates, like morphine, to treat cancer pain. In
most circumstances, opiates are addicting. How-
ever, when administered for pain, although mor
phine treatment can produce physical dependence
—which now can be easily managed after stop-
ping use—it typically does not cause compulsive,
uncontrollable morphine seeking and use, addic
tion as defined here. This is why so many cancer
physicians find it acceptable to prescribe opiates
for cancer pain.

An opposite example is marijuana, and whether it
is addicting. There are some signs of physical
dependence or withdrawal in heavy users, and
withdrawal has been demonstrated in studies on
animals. But what matters much more is that
every year more than 100,000 people, most of them
adolescents, seek treatment for their inability to
control their marijuana use. They suffer from com
pulsive, uncontrollable marijuana craving, seeking
and use. That makes it addicting, certainly for a
large number of people.

Source: http://www.nida.nih.gov/Published_Articles/Essence.html.

Xiv

Treating Addiction: It is important to

Follow the Science emphasize that addic
tion, as defined here, can

be treated, both behaviorally and, in some cases,
with medications, but it is not simple. We have a
range of effective addiction treatments in our clin
ical toolbox although admittedly not enough. This
is why we continue to invest in research, to
improve existing treatments and to develop new
approaches to help people deal with their com
pulsive drug use.

Our national attitudes and the ways we deal with
addiction and addicting drugs should follow the
science and reflect the new, modern understand
ing of what matters in addiction. We certainly will
do a better job of serving everyone affected by
addiction—addicts, their families and their com
munities—if we focus on what really matters to
them. As a society, the success of our efforts to
deal with the drug problem depends on an accu
rate understanding of the problem.

Further information on drug abuse and addiction
can be found on the NIDA homepage at
www.nida.nih.gov. Free publications can be
ordered from the National Clearinghouse for
Alcohol and Drug Information by calling 1-800-
729-6686.



Introduction to
the Module

What Are the
Objectives of
the Module?

The Brain: Understanding Neu-
robiology Through the Study of
Addiction has several objec
tives. The first is to help stu
dents understand major concepts in neurobiology.
The brain controls everything a person does,
including regulating breathing and heart rate,
movement, cognitive thought, and emotions. The
module seeks to provide students with a funda
mental knowledge of how the neurons in the
brain convey information to regulate these diverse
functions.

The second objective is to provide students with
factual information on how drugs of abuse alter the
function of the brain. Drugs of abuse exert their
effects by altering the communication between neu
rons. Some of the changes resulting from drug
abuse are short-term while others are long-term,
and potentially permanent. At some point in drug
abuse, the brain changes and the abuser becomes
an addict. The drug addict has a compulsive need
to continue to take drugs despite adverse physical,
social, and emotional consequences. At this time,
scientists continue to investigate what changes
occur in the brain when a person becomes addicted
to drugs.

Science plays an important role in assisting individ
uals as they make choices about enhancing per
sonal and public welfare. In this module, students
see that science provides evidence that can be used
to support ways of understanding and treating
human disease. In addition to being the world’s
largest supporter of research into drug abuse and
addiction, the National Institute on Drug Abuse
also is committed to ensuring the rapid and effec
tive dissemination of research findings to improve
drug abuse and addiction prevention, treatment,
and policy. This module is one method of providing

this information to the public. The lessons in this
module encourage students to think about the rela
tionships among knowledge, choice, behavior, and
enhanced human health in this way:

knowledge (what is known and not known)
+ choice = power

power + behavior = enhanced human health

An additional objective of this module is to encour
age students to think in terms of these relationships
now and as they grow older.

Why Teach
the Module?

One challenge for science teach-
ers is to make science meaning
ful to high school students.
Students at this age want to see the relevance of the
material to their lives. This module presents funda
mental principles of neurobiology in relation to
drugs of abuse. This link to drugs grabs students’
attention because, in today’s world, drugs affect
virtually all students either directly or indirectly.
This real-life context engages students and makes
neurobiology something more than just another
topic to memorize for biology class. They can apply
the information to make decisions about their lives.

“Excellent information on drug actions and neurobiol-
ogy presented in an inquiry format. Students handled
difficult concepts because of the way they were pre-
sented.”

—TField-test Teacher

“It appears that students really did learn the material on
neurotransmission and drug addiction. | actually heard
one student kidding another about their dopamine levels!
Another student was in my room after school explaining
to an underclassman how information gets from one part
of the body to the other—complete with diagrams on the
board.”

—Field-test Teacher
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“The topic is of interest to students. The information is
current and goes beyond what is available in textbooks.”
—Field-test Teacher

What's In It for The Brain: Understanding
the Teacher? Neurobiology Through the

Study of Addiction meets
many of the criteria used to assess teachers and
their programs.

= The module is standards based and meets
science content, teaching, and assessment
standards as expressed in the National Science
Education Standards. It pays particular atten
tion to the standards that describe what stu
dents should know and be able to do with
respect to scientific inquiry.

= The module includes a computer-based tech-
nology component that uses a CD-ROM on
which there are mini-documentaries, anima
tions, and interactive activities.

< It is an integrated module, drawing most
heavily from the subjects of science, mathe
matics, health, and language arts.

= Finally, the module includes built-in assess-
ment tools, indicated by an assessment icon
in the lessons.

In addition, the module provides a means for pro-
fessional development. Teachers can engage in
new and different teaching practices like those
described in this module without completely over-
hauling their entire yearlong program. In Designing
Professional Development for Teachers of Science and
Mathematics!, Susan Loucks-Horsley et al. write
that replacement modules, such as The Brain:
Understanding Neurobiology Through the Study of
Addiction, can “offer a window through which
teachers can get a glimpse of what new teaching
strategies look like in action.” By experiencing a
short-term unit like this one, teachers can “change
how they think about teaching and embrace new
approaches that stimulate students to problem
solve, reason, investigate, and construct their own
meaning for the content.” The use of a replacement
unit like this can encourage reflection and discus
sion and stimulate teachers to improve their prac
tices by focusing on student learning through

inquiry.

The following table correlates topics often included
in the high school curriculum with the lessons pre
sented in this module. This information is pre

sented to help teachers make decisions about
incorporating this material into their curriculum.

Major Topics Presented in The Brain: Understanding Neurobiology Through the Study of Addiction

Topics Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5
Localization of brain function .
General functions of specific brain areas .
Anatomy of the neuron .
Neurotransmission . .

Mechanism of drug action on neurons

Environmental, behavioral, and genetic
influences on addiction

Addiction as a chronic disease




Implementing
the Module

The five lessons in this module are designed to be
taught either in sequence for approximately two
weeks (as a replacement for a part of the standard
curriculum) or as individual lessons that support or
enhance your treatment of specific concepts in high
school biology. The following pages offer general
suggestions about using these materials in the
classroom; you will find specific suggestions in the
procedures provided for each lesson.

What Are the Goals The Brain: Understanding
of the Module? Neurobiology Through the
Study of Addiction is
designed to help students develop the following
major goals associated with scientific literacy:

e to understand some basic fundamentals
about neurobiology and how drugs of abuse
change the brain;

= to recognize that drug addiction is a treatable,
chronic brain disease;

= to experience the process of scientific inquiry
and develop an enhanced understanding of
the nature and methods of science; and

= to appreciate the role of science in society and
the relationship between basic science and
human health.

The lessons presented in
this module form a con-
ceptual whole that will
provide students with a
fundamental knowledge
of neurobiology, drug abuse, and drug addiction.
Students begin by learning how different areas of
the brain regulate specific functions, including feel
ing pleasure (The Brain: What’s Going On in There?).

What Are the
Science Concepts
and How Are
They Connected?

Conceptual Flow of the Lessons

Lesson Learning Focus* Major Concept

Lesson 1 Engage/ Specific brain regions control specific brain functions.
The Brain: What's Going Explore

On in There?

Lesson 2 Explore/ Neurons convey information using electrical and
Neurons, Brain Chemistry, Explain chemical signals.

and Neurotransmission

Lesson 3 Explain/ Drugs affect the biology and chemistry of the brain.
Drugs Change the Way Elaborate

Neurons Communicate

Lesson 4 Explain/ Addiction is a brain disease.

Drug Abuse and Addiction Elaborate

Lesson 5 Elaborate/ Drug addiction is a recurring chronic disease that can
Drug Addiction Is a Disease Evaluate be treated effectively similar to other chronic diseases.
—So What Do We Do

about It?

*See How Does the 5E Instructional Model Promote Active, Collaborative, Inquiry-based Learning? on page 4.
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Students extend their understanding of the brain by
learning how neurons in the brain relay informa
tion through electrical and chemical signals (Neu-
rons, Brain Chemistry, and Neurotransmission). Once
students understand how neurons communicate,
they explore how drugs of abuse alter the function
of the brain by disrupting the signaling process
between neurons (Drugs Change the Way Neurons
Communicate). Students can then apply their knowl
edge of how drugs act at the cellular level to under-
stand that drug addiction is a brain disease that is
signified by changes in the brain, some of which
may persist a long time or may be permanent (Drug
Abuse and Addiction). Finally, students consider how
treatment for the disease of drug addiction com
pares with that for other chronic diseases (Drug
Addiction Is a Disease—So What Do We Do about It?).
The chart, Conceptual Flow of the Lessons, on page 3,
illustrates the sequence of major concepts
addressed by the five lessons.

How Does the
Module Correlate
with the National
Science Education
Standards?

The Brain: Understanding
Neurobiology Through the
Study of Addiction sup-
ports teachers in their
efforts to reform science
education in the spirit of
the National Research Council’s 1996 National Science
Education Standards (NSES). The content of the mod
ule is explicitly standards based: Each time a stan
dard is addressed in a lesson, an icon appears in the

margin and the applicable standard is

identified. The chart, Content Standards:

Grades 9-12, on pages 5-6, lists the spe

cific content standards that this module

addresses.
Teaching The suggested teaching strategies
Standards  in all the lessons support teachers

as they work to meet the teaching
standards outlined in the National Science Education
Standards. The module helps teachers of science
plan an inquiry-based science program by provid
ing short-term objectives for students. It also
includes planning tools such as the Conceptual Flow
of the Lessons chart and the Suggested Timeline for
teaching the module. Teachers can use this module
to update their curriculum in response to their stu

dents’ interest in this topic. The focus on active, col
laborative, and inquiry-based learning helps teach
ers support the development of student under-
standing and nurture a community of science learners.

The structure of the lessons in this module enables
teachers to guide and facilitate learning. All the
activities encourage and support student inquiry,
promote discourse among students, and challenge
students to accept and share responsibility for their
learning. The use of the 5E Instructional Model,
combined with active, collaborative learning,
allows teachers to respond effectively to the diver
sity of student backgrounds and learning styles.
The module is fully annotated, with suggestions for
how teachers can encourage and model the skills of
scientific inquiry, as well as the curiosity, openness
to new ideas and data, and skepticism that charac
terize science.

Assessment Teachers can engage in ongoing
Standards assessment of their teaching and

of student learning using the vari
ety of assessment components embedded within
the module’s structure. The assessment tasks are
authentic: They are similar in form to tasks in which
students will engage in their lives outside the class-
room or in which scientists participate. Annotations
guide teachers to these opportunities for assess
ment and provide answers to questions that can
help teachers analyze student feedback.

Because learning does

Instructional Model ~ not occur through a
Promote Active, process of passive
Collaborative, Inquiry- absorption, the lessons

based Learning? in this module pro-
mote active learning:

Students are involved in more than listening and
reading. They are developing skills, analyzing and
evaluating evidence, experiencing and discussing,
and talking to their peers about their own under-
standings. Students work collaboratively with oth
ers to solve problems and plan investigations.
Many students find that they learn better when
they work with others in a collaborative environ
ment than they can when they work alone in acom
petitive environment. When all this active,

How Does the 5E
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Content Standards: Grades 9-12

Standard A: As a result of activities in grades 9-12, all students should develop

Correlation to The
Brain: Understanding
Neurobiology Through
the Study of Addiction

« Abilities necessary to do scientific inquiry

x l[dentify questions and concepts that guide scientific investigations.

Lessons 1, 2, 3, 4, and 5

+ Design and conduct scientific investigations.

Lesson 3

» Use technology and mathematics to improve investigations and communications.

Lessons 1, 2, 3, 4,and 5

+ Formulate and revise scientific explanations and models using logic and evidence.

Lessons 2, 3, 4,and 5

+ Recognize and analyze alternative explanations and models.

Lessons 1, 2, 3, and 4

» Communicate and defend a scientific argument.

Lessons 1, 2, and 3

» Use mathematics in all aspects of scientific inquiry.

Lesson 4

» Understandings about scientific inquiry

x Scientists rely on technology to enhance the gathering and manipulation of data.

Lessons 1 and 4

» Mathematics is essential in scientific inquiry.

Lessons 3 and 4

Standard C: As a result of their activities in grades 9-12, all students should
develop understanding of

* The cell
x Cells have particular structures that underlie their functions. Lesson 2
» Most cell functions involve chemical reactions. Lesson 2

x Cell functions are regulated.

Lessons 2 and 3

x Cells can differentiate, and complex multicellular organisms are formed as a
highly organized arrangement of differentiated cells.

Lessons 1 and 2

» Behavior of organisms

* Multicellular animals have nervous systems that generate behavior.

Lessons 1, 2, and 3

+ Organisms have behavioral responses to internal changes and to external stimuli.

Lessons 1, 2, and 3

» Behavioral biology has implications for humans, as it provides links to psychology,
sociology, and anthropology.

Lessons 4 and 5

Standard E: As a result of their activities in grades 9-12, all students should
develop

» Understandings about science and technology

» Science often advances with the introduction of new technologies.

Lessons 1 and 4
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Content Standards: Grades 9-12 (continued)

develop understanding of

Standard F: As a result of their activities in grades 9-12, all students should

« Personal and community health

» The severity of disease symptoms is dependent on many factors, such as human
resistance and the virulence of the disease-producing organism.

Lessons 4 and 5

» Personal choice concerning fithess and health involves multiple factors.

Lessons 4 and 5

+ An individual’s mood and behavior may be modified by substances.

Lessons 1, 4, and 5

+ Families serve basic health needs, especially for young children.

Lesson 5

develop understanding of

Standard G: As a result of their activities in grades 9-12, all students should

» Nature of scientific knowledge

becomes available.

« Because all scientific ideas depend on experimental and observational confirma-
tion, all scientific knowledge is, in principle, subject to change as new evidence

Lessons 1, 2, 3, 4, and 5

Historical perspectives

x Usually, changes in science occur as small modifications in extant knowledge.

Lesson 1

collaborative learning is directed toward inquiry
science, students succeed in making their own dis
coveries. They ask questions, observe, analyze,
explain, draw conclusions, and ask new questions.
These inquiry experiences include both those that
involve students in direct experimentation and
those in which students develop explanations
through critical and logical thinking.

This view of students as active thinkers who con
struct their own understanding out of interactions
with phenomena, the environment, and other indi
viduals is based on the theory of constructivism. A
constructivist view of learning recognizes that stu
dents need time to

= express their current thinking;

= interact with objects, organisms, substances,
and equipment to develop a range of experi
ences on which to base their thinking;

= reflect on their thinking by writing and
expressing themselves and comparing what
they think with what others think; and

< make connections between their learning
experiences and the real world.

This module provides a built-in structure for creat

ing a constructivist classroom: The 5E Instructional
Model. This model sequences the learning experi

ences so that students have the opportunity to con

struct their understanding of a concept over time.
The model takes students through five phases of
learning that are easily described using five words
that begin with the letter “E”: Engage, Explore,
Explain, Elaborate, and Evaluate. The following
paragraphs illustrate how the 5Es are implemented
across the lessons in this module.

Engage

Students come to learning situations with prior
knowledge. This knowledge may or may not be
congruent with the concepts presented in this mod

ule. The Engage lesson provides the opportunity
for teachers to find out what students already know
or what they think they know about the topic and
concepts to be developed.

The Engage lesson in this module, Lesson 1: The
Brain: What’s Going On in There?, is designed to

e pique students’ curiosity and generate
interest,



« initiate students’ thinking about the function
of the brain,

= encourage students to compare their ideas
with the ideas of others, and

= allow teachers to assess what students do or
do not understand about the stated outcomes
of the lesson.

Explore

In the Explore phase of the module, Lesson 1, The
Brain: What’s Going On in There?, and Lesson 2, Neu-
rons, Brain Chemistry, and Neurotransmission, stu
dents explore the function of the brain both as a
body organ and as a collection of interacting cells.
The lessons provide a common set of experiences
within which students can compare what they think
about what they are observing and experiencing.

During the Explore phase of the lessons, students

< use their skills of observation, logic, and
deduction to gain an understanding of the
process by which neurons relay information;

= acquire a common set of experiences with
their classmates so they can compare results
and ideas; and

= observe, describe, record, compare, and share
their ideas and experiences.

Explain

The Explain components of Lesson 2, Neurons, Brain
Chemistry, and Neurotransmission, and Lesson 3,
Drugs Change the Way Neurons Communicate, pro-
vide opportunities for students to connect their pre

vious experiences and to begin to make conceptual
sense of the main ideas of the module. This stage
also allows for the introduction of formal language,
scientific terms, and content information that might
make students’ previous experiences easier to
describe and explain.

In the Explain lessons in this module, students

= explain concepts and ideas about neurotrans
mission;

= incorporate the correct scientific terminology
into their explanations;

< add new information about the actions of
drugs to their understanding of neurotrans
mission;

= revise their ideas;

Implementing the Module

e compare their current thinking with what
they previously thought;

= listen to and compare other’s explanations of
their results with their own; and

= become involved in student-to-student dis
course in which they explain their thinking to
others and debate their ideas.

Elaborate

In Elaborate lessons, students apply or extend the
concepts in new situations and relate their previous
experiences to new ones.

In the Elaborate lessons in this module, parts of
Lessons 3 and 4, Drug Abuse and Addiction, students

= add information about the effects of drugs to
increase their understanding of neurotrans
mission;

= consider the factors, including physical, envi
ronmental, and social, that influence the out-
come of an individual’s drug abuse;

= connect ideas, solve problems, and apply
their understanding in these new situations;

= draw reasonable conclusions from evidence
and data;

= add depth to their understanding of concepts
and processes; and

= communicate their understanding to others.

Evaluate

The Evaluate lesson is the final stage of the instruc
tional model, but it only provides a “snapshot” of
what the students understand and how far they
have come from where they began. In reality, the
evaluation of students’ conceptual understanding
and ability to use skills begins with the Engage les
son and continues throughout each stage of the
model, as described in the following section. Com
bined with the students’ written work and perfor
mance of tasks throughout the module, however,
the Evaluate lesson can serve as a summative
assessment of what students know and can do.

The Evaluate lesson in this module, Lesson 5, Drug
Addiction Is a Disease—So What Do We Do about It?,
provides opportunities for students to

= demonstrate what they understand about the
function of the brain and the effects of drugs
on that function;
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= integrate information from the previous
lessons to form a deeper understanding of
both neurobiology and drug abuse;

= assess their own progress by comparing their
current understanding with their prior
knowledge;

= apply their knowledge to situations in the
real world; and

= ask new questions that take them deeper into
a concept or topic area.

To review the relationship of the 5E Instructional
Model to the concepts presented in the module, see
the chart, Conceptual Flow of the Lessons, on page 3.

When a teacher uses the 5E Instructional Model, he
or she engages in practices that are very different
from those of a traditional teacher. In response, stu

dents also participate in their learning in ways that
are different from those seen in a traditional class-
room. The charts, What the Teacher Does and What the
Students Do, on pages 9 and 10, outline those differ

ences.

How Does the Module Because teachers will
Support Ongoing use this module in a
Assessment? variety of ways and

at a variety of points
in their curriculum, the most appropriate mecha
nism for assessing student learning is one that
occurs informally at various points within the five
lessons, rather than something that happens more
formally just once at the end of the module. Accord
ingly, integrated within the lessons in the module
are specific assessment components. These
“embedded” assessment opportunities include one
or more of the following strategies:

= performance-based activities (for example,
participating in discussions of how drugs
affect brain function or constructing graphs);

= oral presentation to the class (for example,
explaining analysis of data); and

= written assignments (for example, answering
questions 