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Technology TEACHER GUIDE

How to Use your Field Trip Guide

Field Trip Guides provide structure and suggestions on a particular theme within COSI’s exhibi-
tion areas. This will allow you, your students and your chaperones to be prepared to explore science
and discover fun. We suggest you begin by selecting goals for your visit. These goals may include
enhancing aspects of your science curriculum, understanding what it means to be a scientist, or show-
ing your students that science learning can be cool and fun! If you have particular curriculum goals,
use this Field Trip Guide to connect what you are doing in your classroom with our pre- or post visit
activities. We recommend making copies of the Scavenger Hunt for each of your chaperones, so that
they can guide the students through the exhibits and help record information. Our Scavenger Hunts
are designed to be open-ended, and focus on process skills and scientific thinking. As a result, there
may not be one right answer for each of the questions. This means you will NOT find an answer key
for any of the scavenger hunts. Instead, you'll find descriptions the science concepts that we hope
you'll experience. If you feel you need more clarification, you can always contact us at
fieldtrips@mail.cosi.org.

COSl is a big place. As a result, you may not see everything in one day. Take your time-
don’t rush, and allow your students to explore the things that they find interesting. All too often kids are
pulled away to the next area just as they start to get involved in an experience. Rather than trying to
see it all, select just a few areas to spend your day. You will see less, but you will learn more.

Potential Goals for this Field Trip

o Improve understanding of the benefits and risks of new technology.

o Experience life before the dawn of some inventions that we consider crucial.
o Use problem-solving, creativity, and critical thinking skills.

e Analyze technology from a scientific, historical, and cultural perspective.

o Experience fun and innovative collaborative learning.
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COSI Exhibits related to Technology & Innovation

COSl is a great place to learn about the science and technology that affects our daily
lives. If not for creative and innovative scientists, we would not have many of the luxuries we
have today, like cars, cell phones, or indoor plumbing. The next few pages share back-
ground information on the exhibits that you will not find in the exhibition areas. It is not nec-
essary to share this information with your students for them to have a meaningful experienc-
es. This information will assist with questions that arise in the classroom. Use this Field Trip
Guide to explore the technology of the past, present, and future.

PROGRESS

Listen to what old lady Progress has to say about technology and innovation, then step into
the past to explore topics like communication, transportation, and recreation. Travel through
time to the small Mid-western town of Progress and interact with the technology of 1898.
Around the corner, find yourself a generation later in 1962 and see the changes progress
makes.

Wires and Waves

The electric telegraph translates mechanical action (dots and dashes from the tele-
graph key) into electrical pulses, and then back into mechanical action at the other end. It
was all made possible by Hans Christain Oersted’s 1820 discovery of the connection be-
tween electricity and magnetism.

Oersted discovered that a current-carrying wire forms a magnetic field around itself.
By wrapping several coils of wire around an iron core, the iron becomes a magnet — but
only as long as the electrical current continues in the wire. [If the current is shut off at the
other end, the electromagnet loses its pulling power. With a suitable transmitter, sending
“on” and “off” electrical signals down a wire, an electromagnet attached to a spring and
mounted above an iron plate can act as a receiver. When the current is “on,” the electro-
magnet is pulled down to the plate. When the current is “off,” the spring pushes the electro-
magnet up.
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The last piece of the puzzle was a code to translate the up-and-down movement into
letters, numbers, and words. One man, Samuel Morse, put the machine and the code to-
gether into the first practical electric telegraph. But as the telegraph had spelled the end for
the Pony Express, a new technology — the telephone — began to erode away the tele-
graphic empire. In 1875, Alexander Graham Bell stumbled upon the basic principle of the
telephone while experimenting with a “harmonic telegraph,” a device designed to send dif-
fering tones via telegraph wires. By 1880, there were 30,000 telephones in use worldwide.
The golden age of the telegraph had come and gone.

The Horseless Carriage

The modern automobile arose in response to the limitations of the most common
19" century mode of transportation, the horse. The day of the horse is remembered fondly,
but in reality, horses were dangerous, dirty, and prone to drop dead on the street. The typi-
cal horse would produce 22 pounds of manure a day. 15,000 dead horses had to be re-
moved from the streets of New York City in 1890. When you add horses tendency to bite,
kick, and bolt at loud noises, and you have a picture different from popular myth.

In the early days, horseless carriages came in three forms. There were the internal
combustion engines that burns gasoline, which prior was commonly used to power kitchen
stoves. There were the steam-powered vehicles, or “steamers,” and there were the electric
models. It was unclear even by 1900 which design would win out, as each stubbornly held
onto about a third of the market. In the end, the electric car faded, mostly because of the
poor state of battery technology. The steamer had its own technical difficulties, but was hurt
more by poor business decisions and bad luck, including an outbreak of a horse disease in
several major cities. This caused city officials to empty the city horse troughs, depriving the
steamers of their water source.

Automobiles led to other changes. They are major contributors to pollution and to
the buildup of gases such as carbon dioxide that cause global warming. Death in auto ac-
cidents ranks among our leading killers, especially among the young. And yet the dream of
owning a car still holds a special place in American thought. “New” technologies, like natu-
ral gas cars, solar cars, and even, the old electrics, offer possibilities for the future. Each
carries with it a unique set of challenges to face.
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Food Preparation

The challenge of food preparation is an ancient one. If you can preserve food, then
more people can eat, and less goes to waste. Improper preservation, however, you run the
risk of food poisoning. Canning was first used as a preservation technique in the 1800's.
By the 1830's, shops were selling food in metal cans. The first cans were opened with ham-
mer and chisel. In these early days, the preservation process was poorly understood. In
canning, food is both heated, to kill any germs already present, and locked away inside its
container, to isolate it from germs in the air. In the mid-1800's, many deaths resulted from
inadequately heated canned foods.

As implied by their name, frozen TV dinners were ushered along by another quickly
developing technology, the television. In 1953, the first of these complete dinners was of-
fered by Swanson Foods. In the 1970's and 80's, frozen foods again adjusted to technolo-
gy, this time to the increasingly common microwave oven. For the first time, food was ad-
vertised as “microwave-ready” and sold in “microwave-safe” containers.

The future promises even more debate and controversy over food preservation as
radiation and genetic manipulation take their turns in the public eye. As we debate the safe-
ty and reliability of these new technologies, those with long cultural memories will note, with
amusement or trepidation, that we have been there before.

General Questions

Before your visit, and while exploring Progress, you may want to discuss some of these ques-
tions and issues with your students:

o The town of Progress sits on the corner of “Hope Street” and “Fear Street.”

e Have your students make observations about the storefronts, people and technol-
ogy in 1898. Make note of the food in the stores, the music, the toys, the modes
of transportation, and the communication devices. Did they have electricity?
Cars? Radios? How would they cook dinner or entertain friends. Pay close atten-
tion to detail in 1898, so you can compare and contrast the same town in 1962.

e Asyou pass through the tunnel to 1962, you'll notice some huge changes have
taken place. The town is now in the mid-20" century and has all the benefits of
television, microwave ovens, cars, and supermarkets. What are some of the big-
gest difference you notice?
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GADGETS

Admired for their ability to change how we do things, gadgets are tangible proof of
how creativity advances technology. The Gadgets exhibition area contains a variety of exhib-
its that allow guests to explore the building blocks of more complex gadgets: pulleys, gears,
lasers, and electric circuits.

Guests can examine the inner workings of everyday gadgets by taking them apart in
the Gadgets Café. Groups of 66 or fewer can reserve a space in the café on weekday
mornings. Groups of 6 or less can drop in to any open café.

Technology is not only the tools we use. It's also the processes we use to make those
tools. These exhibits show how gadgets are made and let you build some gadgets of your
own.

Bridge Building

Create small-scale bridges, towers, and other structural gadgets from aluminum compo-
nents. There are three main types of bridges: beam, arch, and suspension. In all three types
of bridges, the foundations must carry the full weight of the bridge. The major difference are
the arched bridges are in compression and thrust outward on their support bearings, where-
as the cables of the suspension bridges are in tension and exert a continual pull on their end
anchorages.

A bridge must be able to withstand great forces (gravity or torque). To do
this, all forces exerted on the bridge must cancel each other out. Triangles are the strongest
structural shape and are often employed in bridges. The triangle is strong because the
shape distributes stress evenly and supports itself. Try this... in 25 minutes or less, design a
bridge that can hold eighty pounds of weight without touching the floor.

Gadget TV

Watch off-the-wall videos of odd industrial processes set to eclectic musical selec-
tions. Each selection highlights a different facet of industry, from plastic toy manufacturing,
to the making of a CD-ROM, or to a dream trip inside an ice cream factory. Guests even
“feel” the tactile realities of these processes as they vibrate along industrial test tracks,
“bake” under heat lamps, and even get sprayed by industrial robots. Try this... go gadget
spotting: identify as many simple machines as you can in one video.
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OCEAN

Poseidon's realm takes two forms in this unique learning environment. On one side
of the exhibition, Poseidon reigns over a mythical playground, symbolizing the ancient
means for understanding the sea. On the other side of Ocean, Poseidon is the namesake of
an undersea research habitat, now symbolizing the modern means for understanding the
sea. Based on real ocean exploration technology, the "D.S.B. Poseidon" uses submersibles
and sonar to explore the scientific side of Ocean. This research facility would be able to
hold a number of scientists, technicians, and/or military personnel each with a specific role
and job responsibility. Think about some of the jobs that would be necessary to keep this
habitat in working order. In this area, check out the following:

The Nautilus Submersible is similar to the Alvin sphere, which was used to seek out the
wreckage of the Titanic. The Nautilus Submersible can reach a maximum depth of over
14,000 ft, and can hold three passengers for up to 72 hours. What are the challenges for
remaining underwater in a small space for that length of time?

The SAM Suit, or Submersible Atmospheric Mechanism, is also known as a JIM suit, named
for the first diver that test the first suit, Jim Jarrett. The Jim Suit is a suit designed to maintain
an even pressure of one atmosphere to a depth of 1000 ft. This requires the suit to be able
to support the incredible pressures found at these depths. To do this, the suit weighs 800
pounds. The suit comes equipped with a scrubber to remove CO2 from the atmosphere in
the suit. Because the suit maintains a constant pressure of one atmosphere, the diver is able
to breathe bottled air instead of using mixed gases. The suit also carries a bottle of oxygen
to refresh the atmosphere should the percentage of oxygen drop below 18%. In 1972,
Oceaneering International improved the suit further. The old suit could reach 1000 feet
(500 meters). Newer version, JIM IV can reach 1400 feet (700 meters).

The Little Yellow Sub has a crush depth of around 200 feet, so it could be dangerous to
travel deeper than that. It can hold two people in close quarters, for no more than a few
hours at a time. A sub like this may have been used for brief exploratory missions, or to re-
trieve objects from lakes or rivers.
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SONAR is a detection system based on the reflection of underwater sound waves. It listens
with a sensitive microphone or hydrophone, for reflected pulses of submarines, obstacles, or
marine animals. Acoustic oceanography is used to map the ocean floor and detect marine
life. Side-scan sonar provides a different perspective on what the seafloor looks like. The
equipment is usually attached to a "sled" that is towed behind a ship. Two sonar units, af-
fixed to either side of the sled, act as both sound sources and listening devices. These units
emit bursts of sound outward, to either side. If the seafloor is flat and smooth, none of the
energy emitted will be reflected back (as with a beam of light directed obliquely onto a mir-
ror). But if the seafloor is rough, the sound hitting the bottom will be scattered in all direc-
tions, and some will return to the sonar sled (just as a beam of light illuminating ground
glass will reflect in all directions). By equating the amplitude of the recorded echoes to differ-
ent shades of gray and displaying the results to show the distance from the sled, scientists
can obtain an image of the texture of the seafloor that looks similar to a black-and-white
photograph. But like a single aerial photograph, a side-scan sonar image does not indicate
the heights of the surface below.

There are two types of acoustic sonar, active and passive. Active uses the same con-
cept as side-scan except it is attached to the submarine and emits acoustic energy out into
open water instead of at the ocean floor. Active sonar is the familiar “pinging” sound you
hear in submarine movies. Passive is where the sonar unit is placed under the sub and
“waits” for sound to come to it instead of waiting for the reflections of sound it sent out.

Sonar is an acronym standing for SOund Navigation And Ranging. It was first used in
the 1920’s.

Your students will not be able to discover any of the above information by exploring
the exhibit, so instead, encourage them to use their imaginations to determine the possibili-
ties of these technologies. What could each of them be used for¢ What would you discover
if you went on a deep sea mission? What kinds of challenges could you have?
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SPACE

How big is the universe? What drives humanity to the stars?¢ These are questions that have
piqued the curiosity of many, and whose answers change as we gain more information
about the universe. Space offers opportunities to think about these questions while at the
same time relive some of history's great space explorations. Below you'll find some back-
ground information for questions that your students may have.

The Dawn of American Space Exploration: Gemini Program
When NASA launched Project Gemini, there were essentially three objectives or goals:

1. To subject man and equipment to spaceflight up to two weeks in duration.
2. Develop methods for rendezvousing and docking vehicles in space.
3. Train astronauts in the rendezvousing and docking procedures

April 12th, 1964 marked the beginning of the program with an unmanned flight. Gemini 3,
the first of the manned Gemini missions, launched on March 23, 1965. Astronauts Gus
Grissom and John Young blasted off five days after the Soviets made the first-ever space
walk. The Gemini space program ended on November 15, 1966.

The Mercury Project

Project Mercury was the United States' first successful manned spaceflight program. It
ran from 1959 through 1963 with the goal of putting a man in orbit around the Earth.

Mercury spacecraft (also called a capsule or space capsule) were very small one-man
vehicles. Only 1.7 cubic meters of volume, the Mercury capsule was barely big enough to
include its pilot--and this ride provides guest the opportunity to experience a piece of space
history. The engineers who first designed the capsule called the astronauts the "human pay-
load" and did not even want to include a window! This seems like an obvious engineering
choice; a window is a dangerous weakness in an otherwise strong outer shell. The astro-
nauts insisted, and as history clearly records, the American public quickly associated the
space program with the astronauts themselves, rather than the engineers and technicians
who were so crucial in making the space program happen.

How did the Mercury astronauts go to the bathroom in space? Alan Shepard’s flight
was only 15 minutes long, but the launch was delayed. Shepard did not have a urine reser-
voir enclosed in his suit. He was given permission to urinate in his suit. A urine reservoir
was added to the space suit for the second Mercury flight.
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The Space Shuttle Era: Shuttle Simulations: How is the space shuttle different from a plane?
The space shuttle is a glider. When it returns home from Space, it merely falls from
the sky. The four forces acting on a plane are lift, drag, weight, and thrust. The three main
forces acting on the shuttle are lift, drag, and weight. Unlike a plane, the space shuttle has
no thrusting engines or fuel when it’s returning home. On a commercial jet plan, the pas-
sengers, crew, and luggage take up the entire length of the plane. Astronauts on the space
shuttle only occupy the front end of the spacecraft called the crew cabin. The crew cabin is
the only area within the shuttle where it contains pressurized air for astronauts to breathe.

How is a simulator useful to an astronaut?

Astronauts use Single-System Trainers (SST). It allows the pilot to learn how to fly the shuttle
into and from space. The simulators contain computer models with software that allows the
astronauts to interact with controls and displays similar to those aboard the shuttle. The as-
tronauts train to recognize malfunctions and to correct the errors. The astronauts train with
fixed-based simulators. These simulators give astronauts the feel of on-orbit operations. All
on-orbit procedures are practiced hundreds of times in simulators before the astronauts fly
into space. Motion-based simulators provide crews with the experience of launch, ascent,
and orbital entry as well as de-orbit, reentry, and landing. The crew also practices with inte-
grated simulations, which include the ground control teams (Mission Control Center).

Freedom Space Station

The mission of the International Space Station is to enable long-term exploration of
space and provide benefits to people on Earth. With six state-of-the-art laboratories, the
Space Station will be the premiere research facility in space, four times larger and more ca-
pable than any previous space station. It is hoped that it will allow for advancements in
medicine, technology, and science. For example, studies in micro and hyper gravity will help
researchers better understand its effects on humans and offer insight into how the human
body works. Growing protein crystals in a space environment can help scientists create bet-
ter treatment for numerous diseases that currently have no cure. In addition, the laboratories
on the Space Station will allow for innovative space research projects to improve our under-
standing of the Earth's environment and the universe in which we live.

The Space Station will also serve as the gateway to new frontiers in human space ex-
ploration, a place where we can learn how to live and work "off planet." It will allow for the
study of long-term effects of weightlessness on the human body and as a test bed to under-
stand what adjustments need to be made to current methods before astronauts are sent to
Mars and beyond. In addition, it will allow for critical research in fluids, combustion, life sup-
port systems, and the radiation environment, which is needed for future human space explo-
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ration.

Unmanned Space Exploration with Mars Rovers

The rovers collects data through photography, spectrometer information, system-
status information. As this data is collected, the rover needs to send it back to Earth. In ad-
dition, scientists and engineers on Earth want to send information like commands and soft-
ware updates to the rover. To handle this delicate communication system the rover has three
different radios.

The first radio is a low-power, slow UHF radio. This link uses a low-gain, omni-
directional antenna. It does not require any aiming, and it transmits back to Earth or to a
satellite at a low data rate. It is an "if all else fails" way to communicate.

The second radio is a high-speed UHF radio, and it communicates with two satellites
already in orbit around Mars: The Mars Odyssey satellite and the Mars Global Surveyor sat-
ellite. When a satellite appears overhead and signals the rover, the rover can dump data to
the satellite at high speed for perhaps eight minutes on each pass. The rover can send data
at 128 kilobits per second when the satellite is overhead, using a radio that consumes 15
watts. The satellite can then forward the information to Earth when it comes into view using
its 2.5-meter (2.7-yard) antenna and 100-watt radio. This is how most image data gets back
to Earth. Perhaps 10 megabytes of data per day can get back through these channels.

Finally, there is a 1-foot-diameter (.3 meter) directional (high-gain) antenna on the
rover. When the Earth is visible to the rover, the rover's antenna tracks the Earth and can
communicate directly to scientists and engineers. There is a 20-minute round-trip delay be-
cause of the 200-million-mile (322-million-km) distance between Earth and Mars. The rover
uses a 40-watt radio, and it transmits at only 12 kilobits per second over this link. Because it
is a direct link, NASA uses it to send commands to the rover and to get critical data back.
This link is only available for about three hours per day because of the alignment of the
planets and the power requirements of the radio.
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Vocabulary Words: Discuss and create definitions for the following:

Technology Invention
Innovation Design
Communication Transportation
Recreation Creativity
Patent Controversy

Standards - Science Standards

Science and Technology

9.1 Describe means of comparing the benefits with the risks of technology and how science
can inform public policy.

9.3 Explain why a design should be continually assessed and the ideas of the design should
be tested, adapted and refined

10.3 Explain that when evaluating a design for a device or process, thought should be given
to how it will be manufactured, operated, maintained, replaced and disposed of in addition
to who will sell, operate and take care of it. Explain how the costs associated with these
considerations may introduce additional constraints on the design

11.1 Identify that science and technology are essential social enterprises but alone they can
only indicate what can happen, not what should happen. Realize the latter involves human
decisions about the use of knowledge.

11.3 Explore and explain any given technology that may have a different value for different
groups of people and at different points in time

12.1 Explain how science often advances with the introduction of new technologies and how
solving technological problems often results in new scientific knowledge

12.4 Explain why basic concepts and principles of science and technology should be a part
of active debate about the economics, policies, politics and ethics of various science-related
and technology-related challenges
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Process Skills are the actions that it takes to “do science.” These are some of the scientific
process skills that your students will be using as they explore the exhibits at COSI.

Observe - Use your senses to gather information.

Measure- Use tools and numbers to quantify objects or phenomena.

Categorize - Place objects into groups based on similarities or differences.
Communicate - Use words, pictures, graphs and diagrams to share your ideas.
Investigate - Follow a scientific method to formulate questions, conduct an experi-
ment.

Apply - put the information you've gathered to use.

Infer — Make an assumption based on your observations.

Question— Wonder and ask about things and find ways to discover answers.
Predict - Decide what will happen in the future based on your observations.
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Classroom Connections

It is important that your visit to COSl is not a one day event. Help your students make
connections between your classroom lessons and your field trip to COSI by doing some ac-
tivities related to your visit. Below are some lessons that you can use as pre-visit or post-visit
activities to help connect your field trip to your classroom experiences and extend your stu-
dents’ learning. Consider doing one activity every day for a week before your visit.

Before your visit, review some of the vocabulary words that they will encounter, and
brainstorm things they already know about technology or about COSI in general. Give them
descriptions of each of the areas and some of your expectations. If possible, do this with the
chaperones so they know what to expect. After your visit, have your students draw pictures or
write letters of stories about something they did, and list questions they still have that you
could explore together.

Below are some lessons that you can use as pre-visit or post-visit activities to help
connect your field trip to your classroom experiences and extend your students’ learning.
Consider doing one activity every day for a week before your visit.

Teach with Rock Music-Grades 9-12

Obijective: Research the lyrics of songs with social implications and discuss the social prob-
lems involved.
Materials: Internet

Procedure:

1. Using music to pass stories down through many generations and relating social
issues of the day is a very old practice. Although we now have many forms of
media to do this same job, music continues to be a popular forum for issues. By
using current technology, more people are able to access music and hear the sto-
ries. Using this link http://www.cyberlearning-world.com/rushidea.html, listen to
social issues in this music.

2. Discuss the social issues. Were you familiar with the song? If so, did you know
what the artist was singing about?
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Biotechnology and Agriculture - grades 9-12

Obijective: Choose a challenging contemporary problem related to agriculture or biotech-

nology, and demonstrate understanding through research, development of a solution, and

effective multimedia presentation

Materials: computer, internet, PowerPoint, USB storage device

Procedure:
1. Advances in science and technology have had tremendous impact in agriculture
and biotechnology. Biotechnology promises not only improved crop yields and dis-
ease-resistant plants, but also safer use of our planet’s resources and new under
standing and uses of genetic engineering. In this event, students can explore technol-
ogy’s impact in the farmer’s field, under the microscope, or in an artificial ecosystem.

2. Divide your class into teams of 4 or more. Team members choose a contempo-
rary agriculture or biotechnology issue they would like to research. Resources may
include but are not limited to books, interviews, websites, magazines, professional
journals, etc.

3. Allow students ample time to work on the project (i.e. 1T month).
5. Teams will present their topic to the class using a PowerPoint presentation.

6. Allow the rest of the class to ask questions and debate the topic presented.

Current Technology-grades 9-12

Objective: Understand the controversies, benefits, and challenges of current technologies.
Materials: internet
Procedure:

1. Select a recent technological innovation, and critically analyze the risks and benefits
of this technology. What are the issues (moral, societal, medical, etc) surrounding
that technology. Some examples include stem cell research, cloning, or computer
hacking.

2. Share your findings with the rest of the class by presenting the pros and cons of this
technology, and allow some debate over the issues.
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COSI Connections:

When you visit COSI, you will see examples of really amazing technology at the time they
were invented, like the Mars Rovers in Space, SAM suit in Ocean, or even the telephone in
Progress. Do you think all of these things worked perfectly the first time they were used?
What kinds of challenges do you think their inventors had in the early stages?

After Your Visit/ Assessment

Use the following activities to assess the impact of the visit to COSI on your students’
knowledge, aftitudes and perceptions. Use a standard project rubric to assess the product of
each of these projects.

On your visit to Progress, you were able to see a variety of shops and businesses that kept
the town thriving. Assume the role of someone who may have lived in the town during that
time; a shopkeeper, a telephone operator, or another citizen. Describe a day in the life of
that person. Create as much personal detail as possible, including cultural and social back-
ground, career, age, daily struggles and events. What kinds of interactions would you have
with other people, and how would you occupy your day. If you really like the character
you've created, write a short script and send it to COSI, c/o Field Trips.

You have learned about technology and innovation at COSI, use that information and inspi-
ration for the creation of your own invention. Spend a few weeks working in small groups on
an invention of your choice. Select something that will somehow improve your lives in your
classroom, or solve a problem that you have been having. What are the benefits of your in-
vention2 How much will it cost? Do you foresee any challenges? Send pictures or stories of
your inventions back to COSI, c/o Field Trips, 333 W. Broad St., Columbus, OH, 43215

and we'll put them on display. Below are some invention ideas to get you started.

e An invention that will help me to remember to do my homework

e An invention that will help me wake up and get to school/work on time
e Aninvention to keep my desk organized.

o Something that will help my teacher
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