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As a teacher, there is clearly nothing more important than connecting directly with your
students. That's why Sprint is proud to support the newest generation of programs in the
informative, award-winning NOVA series.

Entering its 30th year, NOVA offers a unique virtual window into the high-tech world in
which we live and work. The series remains at the forefront of science, educating and
inspiring with an in-depth look at the latest discoveries and innovations.

Since 1997, Sprint has connected thousands of teachers, parents, and students across the
country through a variety of community relations programs. We are pleased to continue
opening the lines of communication and exploration in the classroom and beyond through
our sponsorship of the NOVA Teacher's Guide.

Sincerely,

-

Len Lauer

President %:\' @

PCS Division, Sprint

The Park Foundation is committed to education and quality television. We are pleased to be
able to advance the work of NOVA, the preeminent television series in science education.
As you know, through study of science, young people acquire skills, knowledge, and—most
of all—an intellectual curiosity.

We wish to salute you, as teachers of science, for fostering that intellectual curiosity and
passion for investigation among your students. Those skills will serve them well for a lifetime.
Itis our hope that this NOVA guide will assist you in your effort.

We are grateful for your commitment to teaching.
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Celebrating 100 Years of Flight

Dear Educators,

On a cold, windy day in 1903 a pair of self-taught bicycle mechanics managed to overcome every scientific,
technical, and engineering problem that prevented humans from achieving controlled flight for more than
500 years. Orville and Wilbur Wright flew four historic flights that day. As part of its 30th year on television,
NOVA celebrates the centennial of the first human-powered flight with five new programs.

In this spring’s “Last Flight of Bomber 31,” NOVA takes you back to World War Il to follow the tale of a crew
flying a Lockheed PV-1 Ventura as they set out on the final campaign of their lives. Later in the season,
“Battle of the X-Planes” provides unprecedented access to the top-secret competition between Boeing and
Lockheed to build the next-generation fighter aircraft. And in “Spies That Fly,” see how the military wants
to use “smart” robotic planes in modern warfare.

In the fall, NOVA provides a definitive retelling of the Wright brothers’ tale, complete with breathtaking
recreations of their epic flights, and brings you the story of Manfred von Richthofen {the Red Baron),

a legendary fighter who achieved 80 victories during World War |, and is even today regarded as the
ace of aces.

We hope these shows will inspire your students to investigate the amazing physics of flight that
has changed our world.

(Bulle . Qpactl

Paula S. Apsell
Executive Producer

NOVA in the Classroom

: NOVA Online | Teachers [

We've redesigned our NOVA
Teachers site to make it easier
for you to find lesson plans,

[Mtp:/ Surww pbs.org /nova/teschers/
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U
NOVA program information,
online activities, and miore.
Visit our Classroom Resources
area to fmd mqre than 500 Find all of our educational resources right here, including lesson
resources cataloged by subject plans, Web sites, and information about NOVA programs.
area or program title. (o cuoe6acon DEcRUREES l
’ -1 Eind Resources by Subject Area
18] e | Explore mars than 500 resources in our ever-growing
Or visit each week to rea'd a s  databass, which includes program descriptions, lesson
summary of features available on - ™7 2 plans, orline activities, Web site summaries, and more. k
. . "=\ (Find by Proaram Titie)
the companion Web site for the Seo what’s on the campanion
. E Weh site to this woek’s NOVA
current week's NOVA program. TV printad Loacher's ouid . broadosst, including Grade-lovel
schedule listings are also provided Sign up to receive free Teacher's Guides twics a yoar. desionations for oech festure.
\ FAQs IV Schedule
for thve upcoming few months. Find answers D frequently asked gquestions, such as how to find See 8 list of upcoming NOVA
program transcripts, order a video catalog, learn about taping rights, programs.
Each week we add new lesson contact us, and mare. ———
Teacher's E-mail Bulletin
plans and Web features to our Eeatured Teachers Receive o weskly o-mail
. . i reminding you of upcoming
ever-growing database. We hope o e oachars who ar@ using NOVA i the classraom and sae NOVA shows. "
you'll come back to visit often. - 5 f
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Exploring Research Bias

With some help from NOVA's “Neanderthals on Trial”
program, history teacher Mike Accorsi uses the latest
research on human evolution to help make a point about
statistical bias and validity.

Eleventh grade students at Junipero Serra High School

in San Mateo, California, are learning how to write a
convincing and persuasive argument. In January of each
year, Accorsi assigns each of his U.S. History classes a case
to investigate, such as the assassination of John F. Kennedy,
the effectiveness of the Vietnam War, or the conditions of
coal miners in nineteenth-century Pennsylvania.

Each class is divided into two teams, which adopt opposing
positions. Students then choose a subtopic for study. For
example, when the class topic was the assassination

of JFK, subtopics included the crime scene, ballistics
evidence, autopsy, and single shooter vs. multiple shooter
theory. Within each team, students work in pairs to
research evidence that supports their team’s point of view.

Leading into the final project, Accorsi introduces the idea
that bias can influence research and data interpretation.

To illustrate this, he shows a part of “Neanderthals on
Trial,” in which an anthropologist notes: “We delude
ourselves into believing that the variations that we can
measure, those bumps, those grooves, those little nodules
coming out of a skull, that those actually give us information
that answer the guestions we're asking in the first place.
And ... they may not.” Accorsi then shows the film “12 Angry
Men" to help students think about how making convincing
arguments can influence how others view data.

As the spring semester unfolds, students work independently
to gather evidence and conduct an expert interview. In May,
team members debate for five consecutive days, spending
each day on one subtopic. Students also turn in a research
paper on the day they present. At the end of the week, each
side writes a one-page conclusion that is given to school
administrators who provide feedback about which argument
they feel is the most persuasive.

‘.;7: 2 e i
From left, Shant Panossian, teacher Mike Accorsi, and Andrew
Georgette review materials related to the John F. Kennedy
assassination case.

Accorsi, who has been teaching for five years, says that often
during the spring semester students change their minds as
they do their research. In a concluding activity, Accorsi asks
students if the viewpoint they presented also represents their
own belief. He said that these two were often not the same.

For more information about Accorsi’s project,
you can e-mail him at:
MAccorsi@serrahs.com

6 ]

Become a NOVA Featured Teacher

We'd like to hear from you! Tell us how you're using a NOVA
program, the NOVA Teacher’s Guide, or NOVA Online in your
classroom. Your fesson idea will become a part of our Teachers’
Ideas section online, and you will become eligible to become a
NOVA Featured Teacher. If you are chosen, we'll send you and
your students six free NOVA videos or two Classroom Field Trip
kits of your choice.

Send your ideas to:
Erica Thrall

WGBH

125 Western Avenue
Boston, MA 02134
erica_thrall@wgbh.org

Or post them at:
www.pbs.org/nova/teachers/ideas/send.html @
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Program Contenis

On March 25, 1944, seven Navy
airmen took off from the Aleutian
island of Attu in Bomber 31—and
vanished. Fifty-five years later, the
plane’s wreckage was discovered
in one of the most remote regions
on Earth, Russia’s Kamchatka
Peninsula. NOVA chronicles the
effort to solve the mystery of
Bomber 31 last flight.

The program:

shows the wreckage of Bomber 31
at the base of a volcano in the
Russian Far East.

notes how clues in the damaged
plane indicate the pilot was
forced to land after encountering
enemy fire.

introduces Attu, the westernmost
Aleutian island, which was
captured by the Japanese during
World War If.

explores possible reasons for
the plane’s crash.

follows a forensic anthropologist
as she looks for crewmembers’
remains.

documents the experience of one
crewmember's son as he comes
to terms with his father’s death.

shows how, through DNA
analysis, the remains of some
men may be identified.

suggests that the harsh
environment and prevalence of
bears in the crash area may have
played a role in the disappearance
of crewmembers' remains.
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1. Have students use a globe or world map to locate the -
following places featured in this program: Attu; the Kamchatka
peninsula of Russia; and the Northern Kurile islands of
Shumshu and Paramushir, which belonged to Japan during |
World War Il but now belong to Russia. Ask students to predict
the type of weather conditions that might be formed in this
region, where the warm ocean currents off the coast of Japan ’ 5
mix with the cold Bering Sea.

2. Briefly review the history of World War 1l using a world map,
hightighting the time period and major areas of conflict {see
Resources on page 7 for information sources).

3. As students watch, ask them to list the evidence researchers
discovered during their investigation and the conclusions drawn
from this evidence.

Crash investigator Ralph Wetterhahn stands next to
the wreckage of Bomber 31.

After Waiching

1. Review students’ notes in a class discussion. What expertise
did each scientist bring to the investigation? Discuss the
techniques scientists used to identify the wreckage and any
remains. What method was expected to reveal the most about
the identity of the small pieces of bone that were found?

)



Objective
To identify which members of a family share the same
mitochondrial DNA (mtDNA).

/ Materials for each team
. o copy of The Hunt for mtDNA activity sheet on page 6
e colored pencil or pen

Procedure

Tell students that they will be working as forensic scientists to

help solve a long-standing “"missing persons” case.

Provide each team with a copy of The Hunt for mtDNA activity
sheet. Explain to students what mtDNA is, how it differs from
nuclear DNA, and how it is inherited (see Activity Answer on
page 7 for more information).

Set up the challenge: An anthropologist has found a few human
bones at a site in South Africa. Investigators think they might
belong to a Nobel Prize-winning dung beetle biologist who
disappeared in Africa. Since the bones have been exposed to
severe weather for many years, the only DNA that may be
salvageable is mtDNA. Investigators have compiled a pedigree
chart that lists all the missing person’s relatives. But investigators
are having problems identifying his maternal relatives. Which of
the people in the Who's Related by mtONA? pedigree chart carry
the great-great grandmother's mtDNA, and of those, which living
relatives would be eligible to donate their mtDNA for comparison?
(mtDNA can be retrieved from exhumed remains; however, this is a
costly process and can be emotionally difficult for families. When
possible, it is always best to retrieve mtDNA from a living relative.
mtDNA cannot be retrieved from cremated remains.) The missing
person is labeled with a question mark in the pedigree chart.

After students have completed the challenge, discuss their
results. What do students conclude about the inheritance patterns
of mtDNA? Why aren’t the dung beetle biologist’s children eligible
for testing?

As an extension, have students research how mtDNA has been
used in real-life forensic investigations.
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The activity on page 6 aligns with the
following National Science Education
Standards.

Grades 58

Science Standard C:
QS Life Science

D)
3

Reproduction and heredity

® Reproduction is a characteristic of all living
systems; because no individual organism lives
forever, reproduction is essential to the continuation
of every species. Some organisms reproduce
asexually. Other organisms reproduce sexually.

Grades 312

" Science Standard C:
Life Science

The molecular basis of heredity
¢ |n all organisms, the instructions for specifying
the characteristics of the organism are carried in
DNA, a large polymer formed from subunits of
four kinds (A, G, C, and T). The chemical and
structural properties of DNA explain how the
genetic information that underlies heredity is
both encoded in genes {as a string of molecular
“letters”) and replicated {by a templating
mechanism). Each DNA molecule in a cell forms
a single chromosome.
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NOVA Activity Last Flight of Bomber 31

You are a forensic scientist recruited to help solve a
long-standing "missing persons” case. Mitochondrial
DNA, or mtDNA for short, is the key to your success.

Procedure
(D Read the Guidelines for mtDNA Inheritance.

(D Take careful notes as your teacher describes the
important elements of the “Case of the Missing Dung
Beetle Biologist.” Identify which family members in the
Who's Related by mtDNA? pedigree chart should be
chosen to donate their mtDNA for comparison to the
missing person's mtDNA (the missing person is noted
by a question mark). All deceased individuals have
been cremated and cannot be sampled for mtDNA.

@ Connect individuals who share mtDNA from the
great-great grandmother by darkening the lines that
link them to one another.

(@ 0f the individuals connected by dark lines, circle the
living relatives who are eligible to be tested for mtDNA.

cell nucleus
contains nuclear

cellular mitochondria
contain mitochondrial
DNA (mtDNA)

Questions
Write your answers on a separate sheet of paper.

(D How many living relatives could provide mtDNA to test
against the mtDNA of the discovered remains that are
believed to belong to the missing person shown by a
question mark in the pedigree chart?

(D Describe the inheritance pattern of mtDNA.

@) If two brothers died in a crash, could you use mtDNA
to distinguish their remains from one another? Why
or why not?

Guidelines for mtDNA Inheritance

Mitochondrial DNA (mtDNA) is found in each cell’s
mitochondria, structures that produce ATP, the cell's
main energy source. Here are some guidelines about
how mitochondrial DNA is inherited:

¢ mtDNA can only be inherited from a woman.
* A man can inherit mtDNA from a woman.
¢ A man cannot pass mtDNA on to any children.

Who's Related by mtDNA? Key
grea‘t’-great [} =male
rents
R e 1904-80 O =female
/1 5 =deceased
- =mating
great
grandparents = siblings
1926-92 | 1924- 1925-70 | 1927-
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1976- 1974~ 1975-  1977- 1973 1975

1999-  2001-  2000-  2002- 2001- 2000~ -
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1950- 1950-2002
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& =twins

1973- 1975 1976- 1978~

1998~  2000- 2000-  2002-




L Activity Answer

Everyone carries two types of DNA: nuclear DNA, found in the
nucleus of each body cell, and mitochondrial DNA (mtDNA),
found in the mitochondria located in the cell’s cytoplasm
outside the nucleus. Nuclear DNA codes for most proteins
made by the cell and is responsible for the inheritance of
physical traits, such as hair color or whether a person has
dimples, as well as inherited genetic disorders, such as sickle
cell anemia or Tay-Sachs disease. mtDNA codes for its own
proteins and for ribosomal and transfer RNAs.

During reproduction, the father’s sperm cell—which contains
both nuclear DNA and mtDNA—donates only its nuclear DNA
to the zygote that results from the fusion of the sperm with an
egg cell. (Some researchers argue that a fragment of the
father's mtDNA is in fact passed on, though it represents
much less than 1 percent of the total.) Therefore, all the DNA
in a person’s mitochondria comes from his or her mother. This
means that each new generation has only the mtDNA of the
mother, who has only the mtDNA of her mother, and so on.
(Males have only the mtDNA of their mothers as well but do
not pass it on.} As a result, mtDNA samples can be used to
identify any maternally related individuals.

The people related to the missing person’s maternal grand-
mother (who are the candidates for getting mtDNA to compare
to that of the missing person), are connected with heavy lines
in the pedigree chart below. The 10 living relatives eligible for
testing are shaded.

Who's Related by mtDNA?

1950- | 1950~ 1950-2002| 1946~ 1954~  1954- 1955~

1976 1974~ 1977~

1999~ 2001- 2000~ 2002~ 001-  200t- 1998- 2000

mtDNA could be used to confirm that two brothers with the
same mother who died in a crash were related, but not used
to distinguish their remains from one another in the way that
nuclear DNA could. Because mtDNA molecules are present in
thousands of copies per cell (compared to nuclear DNA, which
is present in only two copies per cell}, mtDNA is more likely to
be found in small or degraded samples than is nuclear DNA.
In addition, environmental factors, such as prolonged exposure
to the elements, often destroy nuclear DNA.

10

1975~ 1977- 19713 1975~ | 1974- 1976- 1978~ 1978~

2000~ 2002

Resources

Book

Garfield, Brian, and Terrence Cole.

The Thousand-Mile War: World War Il in
Alaska and the Aleutians.

Fairbanks: University of Alaska Press, 1995.

Uses U.S. and Japanese records, personal stories,
letters, and diaries of participants to tell the story
of the battles fought in Alaska and the Aleutians.

Article

Wetterman, Ralph.

“One Down in Kamchatka.”

The Retired Officer Magazine, January 2001.
Online at: www.troa.org/Magazine/
January2001/feature_kamchatka.asp

Tells the story of Bomber 31 and the efforts to
recover and identify crewmembers’ remains.

Web Sites

NOVA Online—Last Flight of Bomber 31
www.pbs.org/nova/bomber/

Provides program-related articles, interviews,
interactive activities, and resources.

History of WWIi in the Aleutians
www.nps.gov/alew/WWII_in_the_Aleutians.htm
Provides a chronology and description of the
Aleutian Campaign.

U.S. Army Central Identification Laboratory
www.cilhi.army.mil/

Shows how the lab searches for, recovers, and
identifies missing personnel from World War I, the
Korean War, the Cold War, and the Vietnam War.

Wars and Conflict: World War Il
www.bbc.co.uk/history/war/
wwtwo/index.shtml

Provides a summary of World War Il from
1939 to 1945.
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* Program Contents

NOVA chronicles the discovery

of a “living fossil,” a fish called
the coelacanth that has remained
relatively unchanged since
prehistoric times.

The program:

¢ recalls Darwin’s prediction that
some creatures would have not
undergone any major adaptations
due to selective pressures and
would have remained relatively
the same since prehistoric times.

¢ relates the 1938 discovery of
the coelacanth off the coast
of South Africa by Marjorie
Courtenay-Latimer.

¢ tells the story of J.L.B. Smith,
the scientist who identified
Courtenay-Latimer’s specimen as
a coelacanth.

* notes that many anatomical
features of coelacanths have
changed little since the Devonian
period 400 million years ago.

e examines the fossil record of
the coelacanth.

¢ relates the discovery of
coelacanths around the Comoros
Islands and near Indonesia.

¢ compares the coelacanth to
sharks and other types of fishes.

¢ discusses the significance of
the coelacanth in the study of
evolution.

_BelureMeishing |

W

1. Coelacanths have been found near South Africa, the
Comoros Islands, and Indonesia. Ask students to locate these
places on a map or globe and estimate the distances between
them. Given the distances between sites, do students think
all three coelacanth specimens are the same species? As
students watch, have them take notes on characteristics of
the coelacanth.
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Adult ceelacanths, which are dark blue in color, can
grow to almost 6 feet {180 centimeters) and weigh up
to 215 pounds (98 kilograms). This model illustrates
the coelacanth’s external anatomy.

Aiter Watching

1. Review students’ notes about coelacanths. What are some
of the characteristics that the coelacanth has in common

with most other fishes? What are some of its more unusual
characteristics? What did students find most fascinating about
the coelacanth?

2. France claimed the right to all coelacanths caught off

the Comoros Islands, which were under French colonial rule at
the time of the 1952 discovery. Ask students if they think it is
fair for a nation to claim exclusive rights to new scientific
finds. Discuss whether the same principles should govern finds
in water and on land. Who should decide the principles that
govern who has rights to scientific finds?




Objective

To compare and classify a “living fossil,” the coelacanth, in
relation to a moray eel and a bull shark.

Materials for each group

copy of the Fish Anatomy activity sheet on page 10

[ ]

access to Internet and print resources for research gl {df UL il

The activity on page 10 aligns with the
Procedure following National Science Education
Review with students the meaning of the phrase “living fossil” Standards.
{an organism with a basic body design that has remained
unchanged for millions of years). Tell students that they will be B [ﬂdﬂs 5—8
comparing a living fossil, the coelacanth, with moray eels and Science Standard C:
bull sharks. QS Life Science
Organize students into groups and provide each group with a - &
copy of the Fish Anatomy activity sheet.
Review with students the descriptions of fish anatomical struc- Structure and function in living systems
tures on the activity sheet. Explain that these descriptions only e Living systems at all levels of organization

demonstrate the complementary nature of

represent a few of the different features of fishes.
structure and function. Important levels of

Have students use additional resources to find more information organization for structure and function include
about coelacanths, eels, and sharks. Ask students to research the cells, organs, tissues, organ systems, whole
skeletal types of each fish, its body covering, how the fish stays organisms, and ecosystems.

buoyant, and whether it bears live young. Then have them draw Diversity and adaptations of organisms

Millions of species of animals, plants, and
microorganisms are alive today. Although different
After students label all the fish body parts, review their answers species might look dissimilar, the unity among
(see Activity Answer on page 11). organisms becomes apparent from an analysis of
internal structures, the similarity of their chemical
Ask students if they think the coelacanth is more closely related processes, and the evidence of common ancestry.

to the eel or the shark, and have them explain their reasoning. List

and label the body parts of each fish.

the reasons supporting each choice on the board. Then have a - ————— ——

discussion to try to reach a consensus.

As an extension, have students research the characteristics of
other living fossils, such as the horseshoe crab or the Ginkgo
biloba tree. What makes these organisms distinctive? What might
have enabled them to remain unchanged for so long?




NOVA Activity Ancient Creature of the Deep

Coelacanths are difficult to classify. They have many
characteristics in common with sharks, and yet in
certain characteristics they more closely resemble other
types of fish. In this activity, you will decide which type
of fish—moray eels or bull sharks—is more closely
related to coelacanths.

Procedure

@ Begin by reading about fish anatomy in your Basic Fish

Facts information below.

(@ Use the Internet and print resources to learn more

about these three types of fish. Compare:
their skeletal types

their body coverings

whether they bear live young

their buoyancy systems

whether they have gill slits or flaps

any other characteristics you learn about

(@ On a separate sheet of paper, draw a coelacanth, bull

shark, and moray eel and label the body parts of each.

Basic Fish Facts

ANTERIOR

DORSAL
Dorsal Fin
Pectoral Fin & Caudal Fin
Mouth - E
N 7
)
> g
Gill Flag”™ <. " Anal Fin
“Pelvic Fin
VENTRAL

Gills: Allow a fish to breathe. Some fishes have gills covered
by flaps. When a fish opens its mouth, the flap closes,
drawing water into the mouth. As the fish closes its mouth,
the flap opens. Oxygen is extracted from the water as it
passes over the gills. Other fishes have gill slits.

Tails: Fish tails also take many shapes. A crescent-shaped
tail, like that of the swordfish, allows the fish to swim
rapidly through the water. A forked tail, like that of the
trout, can also allow fast swimming. A rounded tail, like
that of the angelfish, enables quick bursts of speed to
escape predators.

B_u// Shark

Moray Eel

Questions
Write your answers on a separate sheet of paper.

(1) What characteristics do all fishes have in common?

(@ What characteristics of a coelacanth cause it to be

classified as a fish?

(3 What features do the coelacanth and the bull shark

have in common?

(@ Which features of a coelacanth are similar to those of

a moray eel?

@ Do you think a coelacanth is more closely related to a

bull shark or a moray eel? Explain your reasoning.

Fins: Help a fish move. The top fins are called dorsal fins.
If there are two dorsal fins, the one nearest the head is
called the first dorsal fin and the one behind it is the
second dorsal fin. The belly or lower part of the fish is the
ventral region. Within this section is the pectoral fin, which
is located near the gills, and the pelvic fin, which may have
a more specific name depending on its position in the
ventral region. The bottom fin at the back of the fish is
called the anal fin. The tail fin is called the caudal fin.
Pectoral and pelvic fins come in pairs. Dorsal, anal, and
caudal fins are single.

Mouths: Enable a fish to eat. Some mouths extend directly
from the head of the fish; in others the lower jaw extends

beyond the upper jaw. Some mouths are on the underside

of a fish’s head, while others are more snout-like and suck
in food.

Bodies: The shape of a fish's body depends on the fish's
habits. For example, the body may be streamlined for faster
swimming, as in the barracuda. They may be flattened from
side to side, as in the angelfish, allowing them to maneuver
in narrow spaces. Fishes that are flattened from top to bot-
tom, such as the stingray, live on the seafloor. Other fishes
are snake-like, such as the eel, enabling them to move easily

between rocks. Other fishes have their own unique shapes.




| ActivityAnswer

A fish is an animal in the phylum Chordata and the sub-
phylum Vertebrata. Most are covered in protective scales. Fish
have fins, and most have swim bladders. The coelacanth has
all these characteristics and is thus classified as a fish. The
coelacanth is a unigue fish because it has an extra lobe in its
tail, paired lobe fins that move like our arms and legs, an
incompletely developed vertebral column, and an intercranial
joint that allows it to lift the front part of its head to feed.

The coelacanth and the eel are more closely related than the
coelacanth and the shark. The coelacanth and the eel belong
to the class Osteichthyes, the bony fishes. Bony fishes, as
their name implies, have a bony skeleton. The shark is a
cartifaginous fish (class Chondrichthyes). Cartilaginous fishes
have a skeleton made of tough, flexible connective tissue.
Most fish species are bony fishes. The class of bony fishes
includes:

# Subclass Sarcopterygii {fleshy-finned fishes): includes the
coelacanth and a few species of lungfish.

#Subclass Actinopterygii (ray-finned fishes): includes all other
living bony fishes, such as salmon, trout, cod, eel, anchovies,
and herring.

Here are some other comparisons:

Scales: Shark skin is covered by a layer of small tooth-like
structures called dermal denticles. The denticles make the
skin feel smooth when rubbed from head to tail and rough
when rubbed the other way. Most bony fishes have large,
overlapping scales. Eels have thick, non-scaly skin covered
with more mucus than other fishes. Coelacanths have scales.

Buoyancy: Most bony fishes have gas-filled swim bladders
that keep them afloat. The shark has an oily liver that serves
the same purpose. The coelacanth has a fat-filled swim bladder.

Reproduction: Most sharks give birth to live young, but some
deposit eggs 1o hatch outside the mother’s body. Reproduction
in bony fishes varies; most lay eggs that hatch later, but some
give birth to live offspring. Coelacanths give birth to live
offspring.
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Resources

Books

Walker, Sally M.

Fossil Fish Found Alive: Discovering

the Coelacanth.

Minneapolis: Carolrhoda Books, 2002.

Traces the scientific detective work that led to
identification of this species, and describes
findings about its physiology, habits, and habitat.

Weinberg, Samantha.

A Fish Caught in Time: The Search

for the Coelacanth.

New York: HarperCollins, 2000.

Provides firsthand accounts from coelacanth
researchers, including Marjorie Courtenay-Latimer.

Article
Jewett, Susan L.

“On the Trail of the Coelacanth, a Living

Fossil.”

The Washington Post, November 11, 1998,

page H1. Online at: www.washingtonpost.com
/wp-srv/national/horizon/nov98/fishstory.htm
Tells the story of the accidental spotting of a
coelacanth by a biologist vacationing in Sulawesi,
Indonesia, and his subsequent efforts to acquire
a specimen for scientific study.

\Web Sites

NOVA Online—Ancient Creature of the Deep
www.pbs.org/nova/fish/

Provides program-related articles, interviews,
interactive activities, and resources.

Coelacanth: The Fish Qut of Time
www.dinofish.com/

Includes sections on biology and behavior,
conservation, recent news, and video clips.

Find a Fish: Coelacanth
www.austmus.gov.au/fishes/
fishfacts/fish/coela.htm

Relates the discovery of the first living coelacanth
off the Comoros Islands, the subsequent discovery
of the species near Indonesia, and the ways in
which coelacanths differ from other living fishes.




NOVA takes you behind the
scenes of an intense five-year
competition between Boeing and —_

o Lockheed Martin to see who will | Dafnr ;
2y produce a single airplane L B@UW@ Wm@hm@

design—the Joint Strike Fighter—
to meet the needs of three U.S.
armed forces: the Air Force, Navy,
and Marine Corps.

1. The prototype Joint Strike Fighter had to fit the design
specifications of three different armed service branches: the
Navy, the Air Force, and the Marines. Ask students how each
branch uses airplanes. Why do students think the government
decided to build one plane with multiple uses? What are some
factors to consider when designing a military fighter plane?
(opponents’ defenses, use, materials, production costs, and
maintenance and repair). As students watch, have half the
class record the specifications that each branch of the armed
services required and the other half record the special
adaptations included in the two competing models.

The program:

» explains the requirements of the
Joint Strike Fighter: a low-cost,
adaptable design featuring stealth
and vertical take-off and landing
capabilities.

Airs Tuesday, February 4, 2003 ® www.pbs.org/nova/xplanes/

® presents the stakes of the
competition: a $200 billion
contract and the future of fighter
aircraft design for the next
few decades.

¢ focuses on the most demanding
engineering challenge: building a
practical vertical take-off and

g landing system.

Battle of the X-Planes

¢ dramatizes the design and
‘ manufacturing process of the
four demonstration airplanes.

Lockheed Martin's X-35 and Boeing's X-32 (inset)
competed to be chosen as the final design model
for the Joint Strike Fighter aircraft.

® demonstrates how much of the
design is worked out before

assembly with the aid of
computers and flight simulators. l:

Alter Watching

* shows how two very different

designs can meet the same
criteria.

¢ reveals the rigorous flight

testing procedure used for the

demonstration airplanes.

¢ presents the government's

evaluation process for choosing

the winning design.

1. Discuss with students the specifications required by each
branch of the armed services for the Joint Strike Fighter. How
effectively did the two design groups meet all the challenges
of the contract specifications? Which design did students think
was most likely to be chosen? Why? What elements did the
chosen design possess that helped it come out on top?
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= Objective
To design a backpack that meets multiple needs.

Materials for each group
e copy of the Backpack Challenge activity sheet on page 14
copy of the Designing Your Backpack activity sheet on page 15 ! aNNaris LonneLis
copy of the Materials Costs activity sheet on page 16
graph paper

The activity on pages 14-16 aligns with
the following National Science Education

ruler Standards and Principles and Standards for

Schaool Mathematics.
Materials for the class e
variety of student backpacks Grades 58 T
standard-sized textbooks o, | Science Standard E: g
pens and pencils .@. %n‘\g Science and Technology

other materials as specified by students %

Procedure - . .
. . Abilities of technological design
Tell students they have been hired to be designers for a backpack « Design a solution or product. Students should
company. Organize students into groups and distribute a copy of make and compare different proposals in the light
the Backpack Challenge, Designing Your Backpack, and Materials of the criteria they have selected. They must con-
Costs activity sheets and materials to each group. sider constraints—such as cost, time, trade-offs,
and materials needed-—and communicate ideas
The backpack students design must include space for two with drawings and simple models.
textbooks, one notebook, and pens and pencils. Ask students to Understandings about science and technology
specify three additional objects they would like the design to e Perfectly designed solutions do not exist. Al
accommodate. Provide a class set of those items for students to technological solutions have trade-offs, such as
measure. Objects might include sneakers, three-ring binder, water safety, cost, efficiency, and appearance.
bottle, jacket or sweatshirt, cell phones, and keys. Students might * Technological designs have constraints.
also decide to specify design elements, such as comfortable Mathematics Standard:
shoulder straps, water-resistant material, or a reflective strip. Measurement
Have students first look at existing backpack designs to understand
some of the limitations and construction issues. Then have each
group design a backpack to meet the needs outlined in the
Backpack Challenge activity sheet, determine the amount of Grades 9_..]2
material necessary to create their design, and calculate the costs —— Science Standard E:
using the Materials Costs activity sheet. .@3 g;\m\\‘t Science and Technology
Have students evaluate their initial designs and associated costs <
and redesign the backpack until they are satisfied with their results.
Upon completing their final design, have groups use any medium Abilities of technological design e
to create an advertisement highlighting special features of their * Propose designs and choose between alternative /
solutions. Students should demonstrate thoughtful e

backpack, including its dimensions, how the product meets design
requirements, additional selling features, materials used, and . )
cost. Note to students that the cost they calculate from the Understandings about science and technology

. .. . . * (reativity, imagination, and a good knowledge
Materials Costs activity sheet is for materials only; actual produc- .

planning for a piece of technology or technigue. 5

. ) ] AR base are all required in the work of science and o
tion would also include labor, marketing, and distribution costs. engineering. s
Conclude the lesson by comparing final designs and reviewing Mathematics Standard: -
each group’s process with the class. Ask students to discuss é /\_ | Measurement
which design they think is the best overall and why. >C3

As an extension, have students develop a marketing campaign for
the chosen backpack. S
Q e -
ERIC A" | ®
7



NOVA Activity Battle of the X-Planes T

You are a designer for a backpack manufacturing
company. Your company wants you to design an
innovative backpack. They have asked your class to
define three objects or elements that are essential to a
backpack for students.

Your task is to work as a small group of designers to
design a backpack that meets all the needs listed in
Backpack Design Requirements. After you design your
product, you will create an advertisement promoting its
superior features. It must be convincing, because if your
design is chosen for production, you all can look forward
to big pay raises, or even promotions!

Backpack Design Requirements Three Objects or Elements Defined by Class
Your backpack design must: 1.

* incorporate the three objects or elements defined 2
by the class. 3.

® contain sufficient space for textbooks.

* feature a special place for pens and pencils.

* be as inexpensive as possible. {If they have time, teams
should go to stores or online to see how much a typical
backpack costs.}

You should also consider whether to add design features

 that were not part of the original specifications that may
enhance your backpack for your market audience. But
remember your costs!

17



NOVA Activity Battle of the X-Planes

Procedure Questions

@ Before you begin your design, look at some existing Write your answers on a separate sheet of paper.
backpacks. What special features do they have? How @ What was your design process? Did you create any
are they constructed? designs that did not work? What did you learn from

igns?
(@ For your backpack design, you need to know the dimen- these designs?

sions of the items that must be placed in the backpack. @ Which features of your backpack are the most desirable?

Use your ruler to measure the sample items. What is the least desirable part of your design?
(3 As you design your backpack, consider (3 What constraints prevented you from presenting a
¢ What are the most important elements design that was better than your final design?

of the design?

* What kinds of materials are you going
to use and where?

¢ Which parts of the backpack need to be @ Is it possible to create a backpack that meets all needs
closed off and how? without any compromises? Why or why not?

¢ What will distinguish your backpack from
its competitors?

@ Which design feature was the most challenging to
incorporate and why?

@ After designing your backpack, determine how much of
each material is necessary to create your design. Make
sure to follow the Materials Guidelines listed on your
Materials Costs activity sheet. Then use the costs
listed on the Materials Costs activity sheet to calculate
the cost of each material and the final cost of your
backpack.

@ Evaluate your initial design and costs and redesign the
backpack until you are satisfied with the results.

(® Use any medium to create an advertisement that
illustrates the superior features of your final backpack.
Make sure the advertisement includes
e a drawing of the design
¢ backpack dimensions
¢ how the product meets design requirements
* any additional selling features
* materials used
® cost

@ When you are done, you will have to present your
design information to the design evaluators (your class-
mates}, and they will choose one of the designs for the
production model. Hopefully, it will be yours!
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NOVA Activity Battle of the X-Planes Materials Guidelines T
 Thread must be used along every seam.
When you have determined the amount of materials * Zippers must have a seam along both sides.
3 needed for your design, use this chart to determine the ¢ Each edge must have one extra inch for a seam.
@ total materials cost for your backpack. Make sure your ¢ Heavy-use areas, such as attaching shoulder straps
backpack meets all the Materials Guidelines listed to the main body of the backpack and sewing the
at right. bottom, require double seams.
Material Cost* Amount Needed Total
Water-resistant heavy-duty fabric 2 cents per square inch
Heavy-duty fabric 1 cent per square inch
Water-resistant light-duty fabric 0.5 cent per square inch
Light-duty fabric 0.3 cent per square inch

Expandable fabric (every square
inch can equal up to two cubic

inches in volume) 4 cents per square inch
Padding 2 cents per cubic inch
Heavy-duty zippers 10 cents for first inch;

5 cents for every additional inch

Light-duty zippers 5 cents for first inch;
2 cents for every additional inch

Heavy-duty Velcro patch 10 cents per square inch

Light-duty Velcro patch 5 cents per square inch

One inch wide nylon strap
{to adjust length of shoulder straps) | 5 cents per inch

Plastic piece to tighten

shoulder straps 10 cents each

Reflective tape 15 cents per inch

Buckle (for optional waist strap) 35 cents

Heavy-duty thread 1 cents per sewn inch
B Light-duty thread 0.5 cent 