Weather R.A.T.S.

WIND IS MOVING AIR

Grade Level: 2 Time required for each lesson: 60 minutes
in science lab, and 40-50 minutes in
classroom and computer lab

Time Required for Unit: 8 weeks

Summary: This unit explores the measurement of wind, and the ways in which wind has been
harnessed and used by people to solve problems or to satisfy a need. The unit emphasizes data
collection using different tools for wind measurement. It also emphasizes technology and
engineering. It incorporates the complete module developed by the Boston Museum of Science
called Catching the Wind: Designing Windmills (Air and Weather & Mechanical Engineering).
This module is part of the MOS Engineering is Elementary series. It is assumed that the MOS
module will be carried out in full during classroom science lessons. The unit further assumes
that students are engaged in science every week both in a classroom setting and science lab
setting, with regular access to a classroom computer and a computer lab. Instructional time is
approx. 40-50 minutes per each session in classroom and computer lab per week, and 50 minutes
in the science lab, for a weekly total of 2 hours, 10 minutes — 2 hours, 30 minutes.

Standards:
MA Science/Technology/Engineering (PreK-2):
E2. Understand that the air is a mixture of gases that is all around us and that wind is
moving air.
E3.  Describe the weather changes from day to day and over the seasons.

T/E 1. Identify and describe characteristics of natural materials and human-made
materials.

T/E 2. Identify and explain some possible uses for natural materials and human-made
materials.

T/E 3. Identify and describe the safe and proper use of tools and materials (e.g., glue,
scissors, tape, ruler, paper, toothpicks, straws, spools) to construct simple
Structures.

T/E 4. Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel,
pulley, lever.



MA Math (grades 1-2):
2.M.1. Identify parts of the day (e.g., morning, afternoon, evening), days of the week,
and months of the year. Identify dates using a calendar.

2.M.5. Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

2.D.1. Use interviews, surveys, and observations to gather data about themselves and
their surroundings.

2.D.2. Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.

2.D.3. Formulate inferences (draw conclusions) and make educated guesses
(conjectures) about a situation based on information gained from data.
MA Instructional Technology (grades PreK-4):

Standard 1. Demonstrate proficiency in the use of computers and applications as well as
an understanding of concepts underlying hardware, software, and connectivity.

1.1 Develop basic skills for using hardware and applications (e.g., open/close a file,
navigate using scroll bars, arrow keys, special keys, and mouse).

1.2 Use correct terminology for basic components of a computer system (e.g.,
monitor, keyboard, disk, printer, mouse), and develop understanding of their
basic functions.

1.7 Collaborate with classmates to use teacher-selected websites.

1.8  Collaborate with classmates and teacher to send a class e-mail message (use of
Weather RATS discussion forum will substitute for this standard).

1.9 Collaborate with classmates and teacher to create a slide presentation with
existing template.

1.10  Explore the use of drawing and painting applications for class projects.

Standard 2. Demonstrate responsible use of technology and an understanding of ethics and
safety issues in using electronic media.

2.1  Follow classroom rules for responsible use of computers.

2.2 Develop understanding of the school’s rules for safe and ethical Internet use.



2.4 Develop understanding of how the computer is a tool for learning.

Standard 3. Demonstrate ability to use technology for research, problem solving, and
communication. Students locate, evaluate, collect, and process information from a variety
of electronic sources. Students use telecommunications and other media to interact or
collaborate with peers, experts, and other audiences.

3.1  Explore and develop understanding of how to gather information from a variety
of electronic sources, including teacher-selected websites, CD-ROM
encyclopedias, and automated card catalog.

3.3 Explore the use of content-specific tools to enhance understanding of curriculum
content (e.g., environmental probes, sensors, robotics, simulation software, and
measuring devices). (NOTE: the Weather RATS weather station will meet this
standard.)

Project Learning Objectives:
K-12 General:
* Collect, analyze, and graph daily weather data for an extended period of time.
* Use mathematics as a tool for making sense of weather data.
* Use emerging weather measurement and instructional technologies as tools to
examine and address real-world problem situations, such as data collection,
tracking and analyzing patterns in weather events.

Level-specific:

* Design process, building and designing instruments, using technology.

* How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).

* Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

* How and why do we measure?

* Global characteristics and behavior of atmosphere, water cycle.

CASA Connection:

CASA’s mission is to create new technologies for detecting severe weather. As such,
CASA is mindful of wind and its effect on human life, safety, and infrastructure. How wind is
measured and why are central issues for CASA engineers and meteorologists. Students in this
unit will also focus on wind as a particular facet of our planet’s weather: how do we measure
wind, what are the relative advantages and disadvantages of using different systems of
measurement, and how can wind be harnessed to create technology that helps people? In the
MOS module, students will go through the engineering design process to design, test, and revise



a wind-driven machine. The engineering design process that students use is essentially the same
one used by CASA to create next-generation weather measurement technology.

Lesson Background and Concept for Teachers:

People have been observing, measuring, and harnessing the wind for millennia. How the
wind is measured today is the result of innovations made over the last 200 years. Much of the
development for wind measurement standards comes out of 17" and 18" century Europe and is
linked to the production of grain using windmills and maritime exploration by the British navy.
Admiral Francis Beaufort (1774-1857) was the first to formalize and systematically use
observational strategies to create a scale for wind speed and its objectively observable effects on
land and water. Others before him had developed scales for determining wind speed, but
Beaufort brought a degree of rigor to this process that is unmatched to this day. His scale (the
Beaufort Scale) was first formally used aboard the HMS Beagle during Charles Darwin’s famous
voyage from 1831-1836. It is still widely used today aboard ships all over the world. (See
Defining the Wind by Scott Huler for further information.)

Since Beaufort’s day, wind measurement has evolved to include speeds in miles per hour
or kilometers per hour, normally using anemometers. However, anyone who visits a small
airport will still see wind socks giving relative wind speed and direction. Farms and many
homes have wind vanes atop barns or garages, which tell wind direction and nothing more.
Sometimes that’s all you need to know. An issue that remains close to the surface in this unit is:
how and why do we measure? When is it important to know the wind speed, the wind speed and
direction, or only the wind direction? Which tools give us the most reliable and accessible
information?

The Davis weather station is a technology that is central to this unit. The Davis station
uses a cup anemometer that measures wind in miles per hour in the continental United States,
and in kilometers per hour in Puerto Rico. There is a wind vane attached to the anemometer,
which gives wind direction. Data are uploaded to the Weather RATS web site every 5 minutes,
giving students access to data that more current than that provided by the National Weather
Service, which shows data uploaded every 10 minutes. The anemometer at Soule Road School is
located on the school’s roof, 29 feet above ground level.

Key Vocabulary/Definitions:

* Air: The mixture of gases that make up the Earth’s atmosphere. These gases are
held to Earth by gravity.

* Wind: Air that flows in relation to the Earth’s surface, usually horizontally. There
are four aspects of wind that are measured: direction, speed, character (gusts and
squalls) and shifts. Surface winds are measured by anemometers and wind vanes,
which upper level winds are detected through air balloons or aircraft reports.

* Wind direction: The direction FROM WHICH the wind is blowing. For example,
an easterly wind is blowing from the east, not foward the east. It is reported with
reference to true north, or 360 degrees on the compass, and expressed to the



nearest 10 degrees, or to one of the 16 points on the compass (N, NE, WNW,
etc.).

* Anemometer: An instrument that measures the speed, or force, of the wind. It
usually has 4 cups mounted sideways on a pole, and spins at a rate determined by
the wind speed.

* Wind Vane: An instrument that indicates wind direction. The end of the vane
offers the greatest resistance to the motion of the air as it moves to the downwind
position.

* Wind speed: The rate of the motion of air on a unit of time. It can be measured in
a number of ways. The unit used most often in the United States is miles per
hour, but other ways are used, as well: knots per hour, or kilometers per hour are
also used.

Materials Needed:
* Access to Internet
* Davis weather station
* Photocopies of Beaufort Scale
*  Wild Wind lesson plan and blackline masters
* Plastic soda or water bottles
* Drinking straws
* Masking tape, Sharpies
* Oak tag
* Data collection charts
* 3-way Venn diagram blackline master

Unit Sequence:
Introduction/Motivation:
Administer pre-test and file.

Brainstorm on background knowledge students have about engineers: who are they, what
do they do?

Explore basic features of air: it takes up space and can displace other matter, such as
water. Students will do the Empty Cup activity, which explores water displacement and
proves that air is something and not just empty space.

Body of Unit:
Begin MOS unit on windmills, following lesson plans included with module.

Assign students to different wind measurement technologies. Introduce the Beaufort
scale, practice using it on trees outside lab/classroom. Next, introduce wind vanes: make
and practice using wind vanes outside. Lastly, introduce Davis weather station, noting
anemometer on school roof. Introduce students to Weather RATS web site and teach
students how to collect data on daily wind speed and direction.



Students will collect daily data for 2 weeks on wind speed and/or direction using their
assigned tool. Students need close supervision in doing this, as they have never had prior
experience with systematic data collection. They tend to “forget” about it and not
complete daily data collection at the assigned time.

Students complete, with teacher guidance, a 3-way Venn diagram comparing and
contrasting features of the three wind measurement technologies used in this unit.

Students will be given opportunity to post on the Weather RATS discussion forum.
There are several ways to accomplish this: students may, at teacher discretion, be given
screen names and allowed to post individually on forum; or students may not post
individually, but could arrive at a set of class questions that are posted on their behalf.
The latter choice is preferable. Students should be guided toward conversations in the
forum with peers their own age.

In computer lab, begin Weather Basics with the Dude, reading 1 short lesson per week
and drawing picture based on lesson in Paint.

Closure:
Students create a classroom Power Point slide show of their Paint drawings from the
Weather Dude, with teacher assistance.

Finish revising windmills and complete final reflections in MOS module.

Student teams discuss data on wind collected by the three methods (Beaufort Scale, wind
vane, and weather station anemometer). They write an open-response prompt in which
they decide what the most common wind speed was, the most common wind direction,
and how they know that is correct.

Assessments:
Pre-test:
1. MOS Pre-test
2. Think/Pair/Share activity developing list of technologies used to observe the wind.

In Process:

1.  Open-response drawings and writing on sail performance from MOS.

2. Teacher observation of student participation and conversation regarding sail and
windmill construction.

3. Successful completion of wind technology data recording sheet.

4. 3-way Venn diagram comparing and contrasting wind measurement technology.
5. Paragraph detailing what students have learned about mechanical engineers.

6. “Exit cards”

7.  “Meaningful Paragraph”



Summary:

1. MOS Post-test

2. Paint drawings to be used in Power Point show.

3. Open-response questions on data analysis of wind measurement.

References:

Boston Museum of Science. Engineering is Elementary: Engineering and Technology Lessons
for Children. http://www.mos.org/doc/1545

Gibbons, Gail. Weather Words and What They Mean.

Huler, Scott. Defining the Wind; The Beaufort Scale, and How a 19" Century Admiral Turned
Science Into Poetry. New York: Three Rivers Press, 2004.

Junger, Sebastian. The Perfect Storm. New York: W.W. Norton & Co., 1997.

Student Literature
Branley, Franklyn M. Air is All Around You. New York: Harper-Trophy. 1986.

Crews, Donald. Sail Away. New York: Greenwillow, 1*" ed. Edition, 1995.
The power in the air and water are palpable as a family rows the dinghy out to board their
sailboat and embark on an exciting trip. But when "clear skies turn cloudy and gray" and
the seas become angry, the crew faces some scary moments. Copyright 1995 Reed
Business Information, Inc.

DeWitt, Lynda. What Will the Weather Be? New York: Harper-Trophy, reprint edition, 1993.
Explains the basic characteristics of weather--temperature, humidity, wind speed and
direction, air pressure--and how meteorologists gather data for their forecasts.

Desimini, Lisa. My House. Henry Holth & Co., 1* ed. Edition, 1994.
Describes a house in different weather and light conditions.

Gardam, Jane. Bridget and William. New York: Random House Children’s Books, 1981.
Bridget fears that she will have to give up William, her pony, because bad weather has
brought hard times to her parents' farm. Then William becomes the hero of the hour.

Nash, Margaret. The Bossy Rooster. Mankato: Picture Window Books, 1** Amer. Ed., 2002.
The barnyard hens laugh when the bossy rooster meets his match in the weather vane
rooster.

Nichols, Catherine. It’s the Wind. New York: Benchmark Books, 2001.
Describes how the wind can be harmful during storms or fun when flying kites



Olson, Airelle. The Lighthouse Keeper’s Daughter. New York: Little, Brown & Co., 1* Ed
edition, 1987.
When her father's return to a Maine lighthouse is delayed by a severe storm,
Miranda must keep the light going despite brutal weather and her own illness.

Roth, Charles. The Farm Book. New York: Harper & Row, 1977.
A brief introduction to farming including facts about soil, weather conditions, ecology,
and a variety of plants and animals.

Simon, Seymour. Weather. New York: Harper Collins, 1993.
Explores the causes, changing patterns, and forecasting of weather.

Spinelli, Eileen. MoeMcTooth: An Alley Cat’s Tale. New York: Clarion Books, 2003.
Moe McTooth, an outdoor cat, savors night- and daytime adventures until winter
sets in. Then he happily allows a young woman to rescue him and turn him into
an indoor cat, until spring comes again and temporarily threatens their cozy
arrangement. Copyright © American Library Association.

Additional Resources and Information:
Wild Wind lesson plan

Weather Basics with the Weather Dude: http://www.wxdude.com/basics.html

Weather RATS web site: http://weatherrats.cs.umass.edu/wxrats/index.php

NOAA Weather page (alternative data source): http://www.noaa.gov/wx.html

Encyclopedia of the Atmospheric Environment: Prevailing Winds:
http://www.ace.mmu.ac.uk/eae/Climate/Older/Prevailing_ Winds.html

Contributors:

Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA

Juli Kibbe, Grade 2 classroom science teacher, Soule Road School, Wilbraham, MA
Thanks to Barbara Plante, library aide, Soule Road School, for assisting with bibliographic
references.



Weather R.A.T.S.

EMPTY CUP
Grade Level: 2 Lesson #1 of 7 in unit for Lab Sci.
Time Required for Lesson: 50 minutes Time Required for Unit: 8 weeks

Summary: This introductory lesson uses simple materials to demonstrate that air has mass and
takes up space, even though it can’t be seen; in other words, air is something and not nothing.
This basic fact forms the foundation for the study of wind, in which students discover that
moving air is a powerful force. This lesson drives home that the atmosphere, which blankets our
entire planet, has global and basic characteristics which we often take for granted. The lesson’s
main goal is to raise student awareness of air’s characteristics of mass and volume: it is

something.
Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is
moving air.

Learning Objectives (Where are we headed and why are we headed there?):

K-12 General:
* Students will develop an appreciation for the global nature of the atmosphere.

Level-specific (Primary):
* Students will understand the global characteristics and behavior of atmosphere

and the water cycle.

CASA Connection:
CASA engineers are designing new ways to track the behavior of air, particularly its

extreme or destructive behavior. The assumption that air is something and not nothing underlies
their work. If air were empty space, then tornadoes and hurricanes would have no destructive

power.



Lesson Background and Concept for Teachers:

Air pressure is a simple concept that is not so simple. We are all aware that air is a
blanket of gases that surrounds the Earth and presses down on the surface of the planet, hence the
term air pressure. We are adapted to sea level air pressure, so we do not feel it. The pressure
inside our bodies pressing out equals the pressure of the air pressing down and in on us, so we
are in equilibrium. However, its weight is still enormous.

The atoms and molecules that make up the various layers in the atmosphere, despite their
tiny size, actually exert some weight on us. We feel this weight as pressure. Air pressure is
simply the weight of air surrounding an object. The weight of air is directly related to the number
of air molecules in a given area. Air pressure depends on the number of air molecules in a given
space and how fast the molecules are moving. Near sea level, a box one inch on each side
contains around 400 sextillion air molecules (400 followed by 21 zeros). The weight of all those
molecules in one square inch is 14.7 pounds.
(http://www.srh.weather.gov/srh/jetstream/atmos/pressure. htm)

Students may not be accustomed to thinking of air as being a measurable entity that has
mass, takes up space, and has observable behavior. It’s just kind of there, taken for granted. This
simple lesson reminds them that air is capable of moving dense and heavy materials, and that its
pressure can be powerful.

Key Vocabulary/Definitions:
* Air: The blanket of gases that surrounds the Earth. These gases are held to Earth
by gravity.
* Air pressure: Caused by the weight of air molecules above the Earth. The
blanket of air piled on top of the Earth is pulled down by gravity. It pushes in all
directions. Pressure is force exerted over a unit of area.

Materials Needed:
* Large plastic tubs (such as margarine tubs), 1 per group of 4
*  Water

* Styrofoam packing peanuts, 2 or 3 per group

* Food coloring

* C(Clear plastic cup, 1 per group of 4

* C(Clear plastic cup with small hole in the base, 1 per group of 4

Lesson Sequence:

Introduction/Motivation:

Ask students if air is empty space. After all, you don’t see it, you don’t normally smell it,
and you can wave your arms freely through it. It doesn’t hold up a book if you let go of it (this is
a great time to drop a book on the floor). A box with nothing in it is said to be empty. So is a
cup with no liquid in it really empty? Be aware of students’ notions of something vs. nothing.

10



Body of Lesson:

Go through directions on how to do Empty Cup activity. Pre-read the student paper to be
sure of vocabulary and sequence of steps in activity. Be sure that students draw and write about
their predictions before beginning the activity. Students often make incorrect predictions for this
activity It is important to emphasize that incorrect predications are still useful tools for learning,
and that students should not erase or correct them. The teacher will observe each group, joining
table group conversations as necessary. Students often have trouble finding the peanuts floating
on the bottom of the cup under the water. Pointing out the peanuts with a pencil is helpful. Do
students see that the peanuts are floating on the surface of the water, but that the surface inside
the cup has been pushed to the bottom of the tub? What is holding the water level down so low?

Closure:

Spend some time on the last question: Was the cup empty or not? What can you say
about air from this activity? Students should conclude that air takes up space, and can push
water out of the way. Most students know how heavy and dense water is (especially if they have
swum deep into the diving end of a swimming pool and felt the pressure), but did they realize
that air could push that dense water out of the way? As students begin their study of wind, they
should reflect on air’s power to move and affect other materials. Before students leave, have
them complete an “Exit Card” in which they write down one thing they learned today about air.

Assessments:

Pre-lesson:

Student responses to lead-in question whether or not air is empty space. What do they
think air is, or is not, at the beginning of the lesson? Is it something or nothing?

In Process:

Observe table groups as they are working. Have they followed directions? Can they see
the peanuts on the bottom of the tub? Do they see the difference between the cup with no hole
and the cup with a hole? Can they describe what the peanut does in each case, and why? Are
they making sensible predictions? Are table conversations on task and demonstrating student
discovery? Did they complete their paper?

Summary:

Re-visit the initial question: is air empty space? How do they know? Ask students to
share insights and conclusions in a whole-class discussion. Papers can be collected to assess for
accuracy and completion, or can be scanned in classroom as students are working.

Students complete “Exit Card” reflecting one thing they learned today about air. The last
question on the recording sheet should prepare them to write this reflection.

Lesson Extension Activities:

Students can follow up with the meter stick and newspaper activity. Let students flip a
crumpled ball of newspaper with a meter stick, keeping the end of the meter stick about 10 cm.
off the edge of the table (students should hold up their other hand to catch the stick so it doesn’t
go flying when they push down on it). The meter stick is very easy to move with a crumpled ball

11



of paper on top of it. Then students can try the same thing, only this time with a large piece of
newspaper spread out over the meter stick. It is much harder to move because of the mass of air
pressing down on the newspaper. Students can be asked to write why the flat newspaper shows
resistance.

Additional Resources and Information:
Jetstream Online Weather School, Attp.//www.srh.weather.gov/srh/jetstream/matrix.htm.

Contributor:
Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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Name Date

2.

Empty Cup

Is a cup with nothing in it really empty? What is air?

Your group has a bowl with water in it and some Styrofoam peanuts. Talk
with your group and predict what will happen to the peanuts if you cover
them with a clear plastic cup and then push the cup under the water to the
bottom of the bowl. Write your prediction and draw what you think will
happen:

Test your prediction. Turn a cup upside down and push it straight down over
the peanut until the cup touches the bottom of the bowl. What happened to
the peanut? Was your prediction correct?

12



3.

Do it again, only this time, use the cup that has a small hole in its base.
What happened?

Predict what would happen if you covered the hole with your finger or a
piece of tape and then repeated the experiment.

Was the cup empty or not? Explain. What can you say about air from this
activity?

14



Weather R.A.T.S.

INTRODUCTION TO THE BEAUFORT SCALE

Grade Level: 2 Lesson #2 of 7 for Lab Sci. in unit

Time Required for Lesson: 50 minutes Time Required for Unit: 8 weeks

Summary: This lesson introduces students to the Beaufort Scale, a visual method of
determining wind speed developed by Sir Francis Beaufort (1774-1857). Admiral Beaufort was
the first to formalize and systematically use observational strategies to create a scale for wind
speed and its objectively observable effects on land and water. Others before him had developed
scales for determining wind speed, but Beaufort brought a degree of rigor to this process that is
unmatched to this day. His scale (the Beaufort Scale) was first formally used aboard the HMS
Beagle during Charles Darwin’s famous voyage from 1831-1836. It is still widely used today
aboard ships all over the world.

There is a landlubber’s version of the Beaufort Scale, which makes use of common visual
cues, such as the movement of trees or flags, or, as was common in the 19" century but not so
today, the movement of smoke coming from chimneys. In this lesson students will explore the
structure and organization of the Beaufort Scale, which remains intact after 170 years. They will
learn to identify tree movement and practice recording data.

Students will be introduced to the team data-recording chart that they will use for the next
several weeks. Teams of 3-4 students will choose which data recording assignment they will do:
Beaufort Scale (which begins today), wind vanes, or anemometer (the Weather RATS
anemometer as measured by the wind speed graph on the RATS web site). Only those students
measuring Beaufort scale will begin data recording today.

Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is
moving air.
E3.  Describe the weather changes from day to day and over the seasons.

T/E 1. Identify and describe characteristics of natural materials and human-made
materials.

T/E 2. Identify and explain some possible uses for natural materials and human-made
materials.
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MA Math:
2.M.1.

2.M.5.

2.D.1.

2.D.2.

Identify parts of the day (e.g., morning, afternoon, evening), days of the week,
and months of the year. Identify dates using a calendar.

Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

Use interviews, surveys, and observations to gather data about themselves and
their surroundings.

Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.

Project Learning Objectives:

K-12 General:

Collect, analyze, and graph daily weather data for an extended period of time.

Level-specific:

How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).
Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

How and why do we measure?

Technology/Engineering Connection:

This lesson is an introduction to the multiple ways that scientists measure the wind. The
first way we will be using is a directly experience in 19" century technology: a simple, efficient
measurement system that allows people to make sense of the physical world using nothing more
complicated than their eyes and common elements in the environment. Its utility remains to this
day. As students use and gain proficiency in making Beaufort observations, they will be asked to
consider which methods of data collection work best: simple methods like the Beaufort Scale, or
complex systems like the Internet-based RATS network of weather stations?

Lesson Background and Concept for Teachers:

The British Navy originally developed the Beaufort Scale as it engaged in a phase of
worldwide exploration and navigation. Sir Francis Beaufort developed and refined his scale and
put it into its first official use on the famed voyage of the HMS Beagle (1831-1836). The young
naturalist aboard the ship, Charles Darwin, was charged with using the scale and recording his
observations during the voyage in a series of journals. The rest, as they say, is history.
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The version of the Beaufort Scale used here relies primarily on movements of trees and
parts of trees. These observations are easy for students to make, as most schools have at least
one tree near a classroom window, which students can observe. The vocabulary for wind
movement is unfamiliar to us, and is not correlated to wind speed in miles per hour. Everyone
knows what a gale and a breeze are, but we are not accustomed to ranking them in terms of
relative speed. Students learn to do this by observing tree movement. They can become quite
adept at distinguishing subtle differences in movement described by the different levels of the
scale.

Key Vocabulary/Definitions:

* Wind: Air that flows in relation to the Earth’s surface, usually horizontally. There
are four aspects of wind that are measured: direction, speed, character (gusts and
squalls) and shifts. Surface winds are measured by anemometers and wind vanes,
while upper level winds are detected through air balloons or aircraft reports.

Materials Needed:
e Beaufort Scale handout
* Team data recording sheet

Lesson Sequence:

Introduction/Motivation:

Tell students that we are starting a project on ways to measure the wind. Over the
centuries, scientists and engineers have used many different tools to find out what the weather,
and wind in particular, is doing. Can students think of some ways that they know the wind is
measured? The class should be asked to do a 20-minute Think/Pair/Share activity addressing
this question. Whole class sharing may result in suggestions such as: hold up your finger,
anemometer, wind vane, pinwheel, wind sock, satellites that orbit with the earth (geo-stationary),
weather balloons (called radiosondes), and your eyes/skin/ears (in other words, your 5 senses).
The teacher should record sharing suggestions made during the whole-class discussion. The
whole-class list can then be divided into technologies used to observe winds at the Earth’s
surface (wind sock, wind vane, anemometer, fingers, pinwheels) and those used to observe
upper-level winds (weather balloons, satellites).

Ask students if they have ever been caught outside on a very windy day. What was it
like? How fast was the wind blowing and how do they know? What happened to trees, things
lying on the ground, lawn furniture? Has anyone ever been on a boat on a river, lake, or on the
ocean, and felt the wind? At the ocean, it is windy a lot of the time. Did students ever wonder
how people have measured the wind, especially during storms?

The Beaufort Scale has been used for over 170 years, and it is still used today. It was
developed by an Admiral of the British Navy, named Sir Francis Beaufort, who wanted to find a
way to record the wind speed so that all people who used the scale would be describing the same
thing. Before the Beaufort Scale, nobody had a common way to describe wind speed. This was
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before electricity, before cars (so nobody thought about miles per hour because they had no way
to measure that), before weather satellites. People using the Beaufort Scale simply relied on
their senses to observe what was happening.

There is a version of the Beaufort Scale for sailors (sorry, no field trips to sailing ships!),
and one for use on land. Tell students what a Force 12 wind sounds like on the ocean: this is
recounted with chilling detail in The Perfect Storm. Short excerpts of the Force 12 discussion
could be read aloud to the class. We will use the land version, which observes the movement of
trees. Today we will practice using it and begin recording data.

Body of Lesson:

Students will be introduced to the team data collection chart. Students are told what the
choices will be: wind vane, Beaufort Scale, and anemometer (as measured on the Weather RATS
web site). For tables of 3, each student chooses one. For tables of 4, 2 students are assigned to
the Weather RATS web site, and 1 to each of the other technologies. Students are told that only
Beaufort Scale begins today, but that each person will be responsible for collecting 10 days’
worth of data.

After teams choose roles, everyone focuses on the Beaufort Scale for the rest of the
period. Ask students if they have ever heard of breezes and gales? Most students have. But, can
they tell the difference? And what about a Fresh Breeze vs. a Strong Breeze? We don’t know
what those terms mean when it comes to wind speed. Review the Clues on Land, and focus on
the movements of trees. Remind students that 170 years ago, everyone used kitchen fires for
cooking, so there was smoke coming out of every chimney — not so today. Flags are still
commonly seen, especially on school grounds. Flags can be observed along with trees.

Allow students to look out a window, or if time and weather permit, take students
outdoors briefly to look at nearby trees (and/or flags). Let them assess the trees’ movement,
while the person on each team who is responsible for the Beaufort Scale writes it down.

Closure:

Explain to students that next week we will move into the topic of wind vanes, so that
person will be “on deck” next week. In the meantime, all team members should help the
Beaufort Scale person with his/her daily observations in the classroom.

Assessments:
Pre-lesson:
Think/Pair/Share activity listing technologies for measuring the weather.
Do students have experience with high wind?
Can they share background knowledge and information with the class about storms or
other severe wind events?

In Process:

Can students use the Beaufort Scale in small groups to effectively gauge wind speed as it
moves trees outside the classroom?
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Do student conversations indicate that there is general agreement amongst different
groups?

Summary:
Did the person assigned to the Beaufort Scale correctly record today’s data on his/her
section of the chart?

Suggested Modifications for Special Needs:

Record student suggestions for whole-class brainstorm list of weather measurement
technologies on an overhead projector/Smart Board.

Display an overhead transparency copy of the Beaufort Scale on the overhead while
explaining its organization. Use visual and verbal cues to explain the structure of the chart. Let
small groups discuss the chart and its application on local trees.

Lesson Extension Activities:
Students could talk to someone who sails boats, and ask them about the Beaufort Scale
and how they use it.

References:

Huler, Scott. Defining the Wind; The Beaufort Scale, and How a 19" Century Admiral Turned
Science Into Poetry. New York: Three Rivers Press, 2004.

Junger, Sebastian. The Perfect Storm. New York: W.W. Norton & Co., 1997.

Additional Resources and Information:
Any of the children’s literature cited in the unit introduction could be used at this juncture.

Jetstream Online Weather School, Attp.//www.srh.weather.gov/srh/jetstream/matrix.htm.

National Weather Service graphical forecasts
http://www.weather.gov/forecasts/graphical/sectors/ click on Wind Speed and Direction to see
national map.

Contributors:

Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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Name

THE BEAUFORT SCALE

About 175 years ago, a British admiral named Sir Francis Beaufort invented a
system to sailors could describe the wind's strength in a way that meant the same thing to
everyone. Sailors looked at things happening on the ocean to tell how strong the wind was.
There is a separate set of clues to tell how strong the wind is on land. Use the clues below

to track the wind speed for 2 weeks.

Type of Wind Clues on Land
0 Calm Smoke rises straight up; leaves are still.
1 Light air Smoke drifts sideways; leaves rustle.

2 Light breeze

Leaves and weather vanes move.

3 Gentle breeze

Twigs move.

4 Moderate breeze

Branches move; flags flap.

5 Fresh breeze

Small trees sway.

6 Strong breeze

Large branches sway.

7 Strong wind

Larger trees sway; flags stand straight out.

8 Fresh gale

Twigs break; hard to walk.

9 Strong gale

Signs blow down.

10 Storm

Trees fall over.

11 Violent storm

Widespread damage.

12 Hurricane

Widespread destruction.
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Name

Table no.

Data collection method

WIND OBSERVATION CHART

Date

Type of Wind

(Beaufort Number)

Clues on Land
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Name

Data collection method

Table no.

WIND OBSERVATION CHART

Date

Wind Vane Direction

Weather Station

Wind Speed and Direction
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Weather R.A.T.S.

WILD WIND: MAKING AND USING WIND VANES

Grade Level: 2 Lesson #3 of 7 for Sci. Lab in unit

Time Required for Lesson: 50 minutes Time Required for Unit: 8 weeks

Summary: This lesson uses the Wild Wind lesson from TeachEngineering.com. Lesson details
will not be duplicated here.

Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is

moving air.
E3.  Describe the weather changes from day to day and over the seasons.

T/E 3. Identify and describe the safe and proper use of tools and materials (e.g., glue,
scissors, tape, ruler, paper, toothpicks, straws, spools) to construct simple
Structures.

T/E 4. Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel,
pulley, lever.

MA Math:
2.M.1. Identify parts of the day (e.g., morning, afternoon, evening), days of the week, and
months of the year. Identify dates using a calendar.

2.M.5. Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

2.D.1. Use interviews, surveys, and observations to gather data about themselves and
their surroundings.

2.D.2. Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.

Project Learning Objectives:

K-12 General:
* Collect, analyze, and graph daily weather data for an extended period of time.
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* Use mathematics as a tool for making sense of weather data.

Level-specific:

* Design process, building and designing instruments, using technology.

* How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).

* Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

* How and why do we measure?

Technology/Engineering Connection:

Like the Beaufort Scale, the wind vane is a technology that farmers and scientists have
used for hundreds of years. It is not elaborate, but it is very graphic and clear. Like the
Beaufort Scale, it measures local winds, which may be different from winds reported on the
Internet. Local and prevailing winds are not always the same. This will become apparent to
students as they proceed with the project. It is an interesting contrast to the Beaufort Scale,
which measures wind speed only and not direction. Thus, these two technologies measure
different aspects of the wind. Which will students fine most useful? That question will wait
until later in the unit, but hopefully students begin thinking about it now.

Lesson Background and Concept for Teachers:
See Wild Wind lesson plan.

Key Vocabulary/Definitions:
See Wild Wind lesson plan.

Materials Needed:
See Wild Wind lesson plan.

Lesson Sequence:

Introduction/Motivation:

See Wild Wind lesson plan for details. In addition to information contained therein,
students should be reminded that last week they began looking at ways to measure the wind by
learning about the Beaufort Scale. Some time should be spent asking each team how the week’s
measurement activities went. Are students keeping up with daily data recording? Keeping
focused on a prolonged task can be very difficult for young learners; they need constant
reminders to follow through.
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Body of Lesson:

See Wild Wind lesson plan for details. In addition to information contained therein,
students will go outside and take their first measurement with the wind vane. All students,
regardless of their data collection assignment, should go outside and observe. Do all wind vanes
point in the same direction? The student on each team who is responsible for the wind vane
should record his/her first data entry today. At the end of the session, students should complete a
quick “Exit Card” predicting how “useful” a tool they think the wind vane will be. On the exit
card, students should define the word “useful.”

Closure:
See Wind Wind lesson plan for details. Like the Beaufort Scales, the wind vanes go back
to the classroom for use during each day at a time specified by the classroom teacher.

Assessments:
See Wild Wind lesson plan for details.
“Exit cards”

Lesson Extension Activities: See Wild Wind lesson plan. Ongoing use of Journals and Wind
Journal Page are optional.

References:
TeachEngineering.com: http://teachengineering.com/

Wild Wind lesson plan:
http://teachengineering.com/view_activity.php?url=http://www.teachengineering.com/collection/
cub_/activities/cub_earth/cub_earth_lesson04_activityl.xml

Additional Resources and Information:
See Wild Wind lesson plan for details.
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Weather R.A.T.S.

INTRODUCTION TO WEATHER RATS STATION AND WEB SITE

Grade Level: 2 Lesson #4 of 7 for Sci. Lab in unit

Time Required for Lesson: 1 hour, 30 mins. Time Required for Unit: 8 weeks

Summary: This lesson should ideally be taught during a Lab Science period and a Computer
Lab period that follows the Science Lab session, although it could be taught in 2 consecutive
Computer Lab sessions if need be. Its purpose is to give students a chance to inspect the weather
station and have a tutorial on the web site. Students will demonstrate that they can successfully
launch the browser, find the web site from a bookmark, and then find their schools’ page on the
site. Students will then begin recording wind speed and direction data for each team. They will
demonstrate their growing awareness of the basic concepts of the unit and how these concepts

inter-relate.

Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is

moving air.
E3.  Describe the weather changes from day to day and over the seasons.

T/E 4. Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel,
pulley, lever.

MA Math:
2.M.1. Identify parts of the day (e.g., morning, afternoon, evening), days of the week, and
months of the year. Identify dates using a calendar.

2.M.5. Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

2.D.1. Use interviews, surveys, and observations to gather data about themselves and
their surroundings.

2.D.2. Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.
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MA Instructional Technology (Grades PreK-4):

Standard 1. Demonstrate proficiency in the use of computers and applications as
well as an understanding of concepts underlying hardware, software, and connectivity.

1.1 Develop basic skills for using hardware and applications (e.g., open/close a file,
navigate using scroll bars, arrow keys, special keys, and mouse).

1.2 Use correct terminology for basic components of a computer system (e.g.,

monitor, keyboard, disk, printer, mouse), and develop understanding of their
basic functions.

1.7 Collaborate with classmates to use teacher-selected websites.

1.8  Collaborate with classmates and teacher to send a class e-mail message (use of
Weather RATS discussion forum will substitute for this standard).

Standard 2. Demonstrate responsible use of technology and an understanding of
ethics and safety issues in using electronic media.

2.1  Follow classroom rules for responsible use of computers.
2.2 Develop understanding of the school’s rules for safe and ethical Internet use.
2.4 Develop understanding of how the computer is a tool for learning.

Standard 3. Demonstrate ability to use technology for research, problem solving, and
communication. Students locate, evaluate, collect, and process information from a variety
of electronic sources. Students use telecommunications and other media to interact or
collaborate with peers, experts, and other audiences.

3.1  Explore and develop understanding of how to gather information from a variety
of electronic sources, including teacher-selected websites, CD-ROM
encyclopedias, and automated card catalog.

3.3 Explore the use of content-specific tools to enhance understanding of curriculum
content (e.g., environmental probes, sensors, robotics, simulation software, and

measuring devices). (NOTE: the Weather RATS weather station will meet this
standard.)

Learning Objectives:
K-12 General:

* Collect, analyze, and graph daily weather data for an extended period of time.
* Use mathematics as a tool for making sense of weather data.
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* Use emerging weather measurement and instructional technologies as tools to
examine and address real-world problem situations, such as data collection,
tracking and analyzing patterns in weather events.

Level-specific:

* Design process, building and designing instruments, using technology.

* How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).

* Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

* Design process, building and designing instruments, using technology.

* How and why do we measure?

CASA Connection:

This lesson brings the students directly into the CASA network by introducing them to
the weather station and the web site. Students will be told, briefly, what CASA is, and how their
teacher is connected with this organization. They will be told that CASA is designing a new and
better way to detect severe weather, thus saving lives and property. The weather station network
is the way students and teachers are working with CASA engineers to train the next generation of
scientists who will work on weather and engineering to make our lives safer.

Lesson Background and Concept for Teachers:

The Davis Vantage Pro II wireless weather station is currently used at all Weather RAT
schools. At some schools, the weather station is one unit. At others, the station is mounted near
the ground and the anemometer is mounted on the roof. One or both parts transmit a low-
frequency radio beam to the console receiver, which uploads data to the dedicated computer into
Weather Link software. Weather Link uploads the station data onto the Weather RATS web site,
where students can view the data.

The Davis weather station consists of a rain gauge, barometer, and thermometer in the
main unit, and an anemometer and wind vane in the secondary unit, which can be mounted
separately or as part of the main station. Whether mounted on the main part of the station or
separately, the anemometer and wind vane should be positioned about 30 feet above the ground.
If mounted on the school roof, it should be 10-12 feet above the roof. The Weather RATS web
site should have a photo of the weather station mounting for the school in question.

If possible, classroom/lab teachers should borrow the spare weather station so students
can see the components up close. Teachers should also review the section on data transmission
on the Weather RATS professional development CD, which explains how weather behavior is
measured by instruments on the Davis station, and where it goes from there in order to appear on
the Internet.
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Key Vocabulary/Definitions:

* Anemometer: An instrument that measures the speed, or force, of the wind. It
usually has 4 cups mounted sideways on a pole, and spins at a rate determined by
the wind speed.

* Wind Vane: An instrument that indicates wind direction. The end of the vane
offers the greatest resistance to the motion of the air as it moves to the downwind
position.

* Wind speed: The rate of the motion of air on a unit of time. It can be measured in
a number of ways. The unit used most often in the United States is miles per
hour, but other ways are used, as well: knots per hour, or kilometers per hour are
also used.

* Wind direction: The direction FROM WHICH the wind is blowing. For example,
an easterly wind is blowing from the east, not foward the east. It is reported with
reference to true north, or 360 degrees on the compass, and expressed to the
nearest 10 degrees, or to one of the 16 points on the compass (N, NE, WNW,
etc.).

Materials Needed:
* Access to the Davis Weather Station (either in person or online).
* Access to spare weather station is desirable but not necessary.
* Access to the Internet

Lesson Sequence:

Introduction/Motivation:

Ask students how data collection with the wind vane and Beaufort Scale are going. Are
students having trouble collecting data? Do the different groups have similar data? Do the data
tell students much about how the wind is behaving?

On last week’s Exit Card, students were asked to define the term “useful.” What is
“useful” weather data? Can students share some of their comments they made last week? As we
work with data from the three instruments, we need to keep a good definition of “useful” in
mind.

What would it be like to live 150 or 100 years ago, when those were about the only ways
to get information about the wind? Is it easier today? Why? Where do people get weather data
today? Most people go onto a weather web site, or watch the weather report on TV (but where
do the weather forecasters on TV get their data?). Today we will look at a different kind of
weather instrument that reads many kinds of weather data at once. We will look at it up close,
but we will not read any weather data from the station itself!

Body of Lesson:

Walk students to the weather station’s location, or go onto Weather RATS web site to see
it. If possible, use the “spare” weather station and bring it into the classroom for students to
touch and handle. Explain what each part is and how it works. Remove the black chimney to
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reveal the rain gauge. Show how the rain gauge is a lever that see-saws back and forth, counting
tiny amounts of rain. Show students the cups on the anemometer and the wind vane, that points
in the direction of the wind.

Ask students if they can read any weather data directly from the station. Do they see a
screen with numbers or letters? All they see is a transmitter box with a solar panel and an
antenna. Explain how the solar panel makes electricity to run the transmitter that beams data to
the console. From the console, show students the wire that connects to the computer. Explain
that the data are uploaded onto the Internet from the computer. Everyone has to look at the
weather station’s data on the Weather RATS web site, not on the station itself.

Show students the web site and how to find the weather data for their school. If time
allows, show students the other parts of the Weather RATS web site. Students need time to look
around the web site and practice recording their first day’s wind data.

Closure:

Be sure student teams have had a chance to correctly find and record today’s wind data
from the web site. Verify that students can find the web site from the desktop by launching the
browser and using the bookmarks to find the Weather RATS web site, and from there, can find
the data for their school and correctly record it on the chart. As a final activity, have students
write a “Meaningful Paragraph”. This is meant to assess the depth of their understanding of
terms related to the central concepts of the unit. Given the following terms, students should
write a brief paragraph that correctly uses all of the words:

wind direction wind speed
observation anemometer
wind vane Beaufort Scale
Assessments:
Pre-lesson:

Whole-class discussion of data collection progress on wind vanes and Beaufort Scale.
Whole-class discussion of where we get weather data today — can be a list generated on
paper or overhead projector, or a list developed orally.

In Process:
Student questions and discussions when examining weather station.
Completion of first day’s data recording from Weather RATS web site.

Summary:

Successful use of browser and bookmarks to find web site, locate school’s page, and
locate pertinent data.

“Meaningful Paragraph”.
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Lesson Extension Activities:

Students can, with teacher assistance and permission, post a comment on the Weather
RATS Discussion Forum. They can address their comment to any particular state. Questions
should be discussed as a whole class, and posted by the teacher, using his/her screen name.
Students can check back a week later to see if anyone has responded to their post.

References:
Weather RATS web site: http://weatherrats.cs.umass.edu/wxrats/index.php

NOAA Weather page (alternative data source): http://www.noaa.gov/wx.html

Additional Resources and Information:
CASA web site: http://www.casa.umass.edu/
Weather RATS Professional Development CD

Contributors:
Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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Weather R.A.T.S.

COMPARING WEATHER
MEASUREMENT TECHNOLOGIES
Grade Level: 2 Lesson # 5 of 7 for Sci. Lab in unit
Time Required for Lesson: 50 minutes Time Required for Unit: 8 weeks
Summary:

This lesson is an embedded assessment in which student groups discuss the instruments
they are using, and how they are alike and different. They will focus on measurement
characteristics of the instruments: what the instruments measure, how they measure, where they
measure, and how successfully they measure. One goal of the assessment is for students to
arrive at the conclusion that not all instruments measure the same aspects of the weather. It is
important to have a variety of data available about the weather; people do not always ask the
same questions about the weather, nor do they need the same types of answers. In addition,
some instruments just work better than others. An awareness of relative ease of use is a useful
insight. A second goal of the assessment is for students to demonstrate growing awareness of the
differences in data sets: not all data reveal the same information. This also goes back to the
realization that people can ask different questions about the weather and need different types of
data to answer their questions.

Standards:
MA Science/Technology/Engineering:
T/E 4. Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel,
pulley, lever.

MA Math:
2.M.5. Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

2.D.1. Use interviews, surveys, and observations to gather data about themselves and
their surroundings.

2.D.2. Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.
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Learning Objectives:

K-12 General:

* Use emerging weather measurement and instructional technologies as tools to
examine and address real-world problem situations, such as data collection,
tracking and analyzing patterns in weather events.

* Collect, analyze, and graph daily weather data for an extended period of time.

* Use mathematics as a tool for making sense of weather data.

Level-specific:

* Design process, building and designing instruments, using technology.

* How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).

* Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

* How and why do we measure?

CASA Connection:

Like CASA engineers and all other engineers, instrumentation is a critically important
topic. What is measured, how it is measured, and what kind of data are produced are key
questions for CASA and all meteorologists. Beyond the immediate and near-term goal of setting
up a working DCAS radar test bed, CASA is looking ahead to creating emerging radar
technologies for measuring “clear air”, or air that has no particulate matter or water in it for radar
beams to reflect off of. The entity being measured, “clear air”, and how it is measured, are
crucial research questions. Students are using similar thought processes here: what is being
measured and how? It is important to build early awareness of basic research questions such as
these.

Lesson Background and Concept for Teachers:

This lesson follows the previous three lessons and builds on their concepts. This lesson is
an embedded assessment, where students will demonstrate their understanding of the three
weather measurement technologies they are using. No new information is introduced, other than
giving students instructions on how to complete the Venn diagram.

Materials Needed:
* Beaufort Scale clues chart
*  Wind vanes
* Data charts for three instruments
* Internet access
* Venn diagram blackline papers (large paper preferred, eg., legal sized or larger)
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Lesson Sequence:

Introduction/Motivation:

Ask students how their data collection project is going. Is anyone having trouble? Some
students are finished by now (Beaufort Scale and wind vane), others are partly finished
(Internet). Has everyone been helping their group-mates and watching them work? Students
may not all be finished with data collection, but each group has done enough to think about the
instruments they have. Today’s lesson will compare and contrast the three forms of wind
measurement technology. Students will be asked to think about their instruments and how they
work.

Body of Lesson:

Students will be shown how to fill in a 3-way Venn diagram, noting that the intersections
of two circles are for elements that those two instruments have in common. The intersection of
all three circles is for elements that all instruments have in common. Students can work
individually or in discussion with team members. It is recommended that each student do his/her
own diagram, but discuss the use of the different instruments with group members.

Items to include for each instrument are:

What aspect of the wind does the instrument measure?

What kind of data does the instrument generate?

How do you use it?

Where do you use it?

What tools/equipment do you need to use it?

What problems does the instrument have that might make it difficult to use?

AN N NN

Closure:

After completing the 3-way Venn diagrams, the class should come together for a whole-
class sharing of insights and observations about the different forms of technology. Many
students will have a favorite tool, but all students should see the pros and cons of each,
recognizing that there is no such thing as a “perfect” instrument, because human-designed tools
are not perfect. In closing discussion, re-visit the idea of “useful” technology. Students’ ideas
about usefulness should be developing and changing. Keep raising the subject and keep the
concept of “usefulness” in students’ view.

Suggested Modifications for Special Needs:

Instruction for how to complete the 3-way Venn should be done on an overhead
transparency. Lists of questions for students to consider in their Venns should be
posted/displayed. Summary comments from whole-class discussion should be recorded on an
overhead transparency/poster so the class can view the range of comments and insights.

Lesson Extension Activities:
Students recognize the relative strengths and weaknesses of the different technologies for
wind measurement. They could design and build an improved wind vane that works better.
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They could go through the steps in the engineering design process, including re-designing and
re-building their prototype, based on performance data. Students could also build and
experiment with other wind measurement technologies, including wind socks. They could do
Internet research on weather balloons and ways NOAA determines prevailing wind directions
across the country.

Contributors:
Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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Weather R.A.T.S.

SUMMARY ASSESSMENT: FINAL REFLECTIONS

Grade Level: 2 Lesson # 6 of 7 for Lab. Sci. in unit

Time Required for Lesson: 50 minutes Time Required for Unit: 8 weeks

Summary: This lesson is the summary assessment in which students reflect on the data they
collected and how “useful” it is. Each student has had a different data collection assignment
throughout the unit. Students in groups have shared data and insights about how each instrument
works and what kind of data it produces. The concept of “usefulness” has been woven through
the students’ work, in order to encourage students to evaluate the quality and applicability of data
produced by each instrument. When and why would someone need to know information
produced by one kind of instrument? Can students match an instrument to a specific need for
information? In this session, students will share data with their group so all students will have
access to all types of data. They will share their current thinking on “usefulness” and why
people would want to use one type of instrument over another.

Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is

moving air.
E3.  Describe the weather changes from day to day and over the seasons.

T/E 4. Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel,
pulley, lever.

MA Math:
2.M.1. Identify parts of the day (e.g., morning, afternoon, evening), days of the week, and
months of the year. Identify dates using a calendar.

2.M.5. Select and correctly use the appropriate measurement tools, e.g., ruler, balance
scale, thermometer.

2.D.1. Use interviews, surveys, and observations to gather data about themselves and
their surroundings.
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2.D.2. Organize, classify, represent, and interpret data using tallies, charts, tables, bar
graphs, pictographs, and Venn diagrams, interpret the representations.

Learning Objectives:
K-12 General:
* Collect, analyze, and graph daily weather data for an extended period of time.
* Use mathematics as a tool for making sense of weather data.
* Use emerging weather measurement and instructional technologies as tools to
examine and address real-world problem situations, such as data collection,
tracking and analyzing patterns in weather events.

Level-specific:

* Design process, building and designing instruments, using technology.

* How do instruments work? Instrument performance and characteristics. Design
and build different tools for measuring wind speed (e.g., Beaufort scale, ping
pong anemometers, student-designed observational scale, Davis station).

* Technology as a tool, instrumentation design, quality assurance and control.
Which tool works best and why? How can we compare and evaluate differences
between the tools?

* How and why do we measure?

CASA Connection:

This summary assessment activity asks students to critically evaluate the technologies
they used and the kind/quality of data generated by each. CASA engineers have been thinking
along these lines since the project’s inception. They have created a new paradigm for radar
detection of severe weather events. In the process, they critically evaluated the kind and quality
of data generated by the current NEXRAD system, and based on that assessment, developed a
technology that works differently by sampling a different part of the troposphere. The DCAS
radar test bed is generating data that CASA engineers are carefully and critically evaluating to
see if it provides the kind of information that meteorologists need to more accurately predict
severe storms.

Materials Needed:
* Wind vanes, Beaufort Scale papers, access to RATS web site
* Individual student data sheets
* Composition paper
* Rulers

Lesson Sequence:

Introduction/Motivation:

Begin with a discussion of how the final week of data collection went. Did everyone get
a chance to complete his/her data chart? Did people in each group help one another? Tell
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students that today they will share their thinking on how well the different technologies worked,
and what the data told them. Students must collaborate enough to share data and opinions about
their instruments, but each student is responsible for his/her own thoughts. It’s OK to have a
different opinion than other group members, and it’s OK to like someone else’s instrument better
than their own.

Body of Lesson:
Explain to students that they are being asked to write a reflection on patterns they noticed
during their 2 weeks of observations. The prompt is as follows:

What was the most common wind speed your group saw?
What was the most common wind direction?
Which instrument for measuring wind was most useful, and why?

Before students begin working, ask them what “most common” means. There should be
a brief table discussion followed by a whole-class discussion to determine a shared
understanding of what “most common” means. Two suggestions would be “the most” or “more
than half of the time”, but students and teachers may prefer a different definition. In any case,
students should count days in which certain wind speeds and directions occurred, and refer to
those numbers in their writing. It is expected that numbers will be included in the writing —
students need to practice the critically important skill of defending their judgments by supporting
them with data.

Students can draw a data chart on their paper (rulers provided) to summarize or show
patterns. They can draw labeled diagrams, or choose another method to visually represent their
thinking in addition to writing about it.

Closure:

Teacher should collect student data charts along with assessments. In the last few
minutes of class, after papers are collected, ask students their opinion about the questions they
considered today. Did different groups find the same common wind speed and direction? If not,
why not? Which instrument did people think was most useful, and why?

Contributors:
Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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Weather R.A.T.S.

ALL ABOUT AIR

Grade Level: 2 Lessons # 1 - 5 in unit for Computer Lab

Time Required for Lessons: 40 minutes Time Required for Unit: 8 weeks

Summary: All of the work in the Computer Lab revolves around one web site. Students will
have extended interactions with the content on this site, thus giving them ample time for deeply
engaging with the material. The web page “All About Air” is from Kids’ Crossing/Stuff in the
Sky, which is the educational section of NCAR (National Center for Atmospheric Research) and
UCAR (University Corporation for Atmospheric Research). Students will focus on different
sections of this educational web site about the structure and contents of the atmosphere. Each
class will divide up by teams and assume the roles of investigative reporters. Each reporting
team will research a separate section of the web site. Each team will then prepare a “live
newscast” in which the reporters relay the important facts about that section to the audience.
Young students love the opportunity to give a “newscast”, which is something most of them have
seen on TV. Students will then draw images in Paint depicting some aspect of other material
from the site, thus giving them exposure to more of the content. The Paint files will be compiled
into a Power Point slide show. Iftime permits, the Power Point show should be narrated.
Depending on scheduling, this last piece may have to be done in the classroom by the classroom
teacher. Parent volunteers are suggested here.

The content on this site is important because it provides the foundation content on the
structure and behavior of the atmosphere. Wind as a phenomenon cannot be well understood
without some awareness of the structure of the atmosphere. The content on the site is aimed at
elementary-aged students, so it should be accessible to young students. Because students will
have an extended interaction with the content and will be working collaboratively with
classmates, even students with limited reading skills should be able to master the material.

This lessons revolving around this web site also create the primary platform for
implementing the Instructional Technology standards contained in this unit.

Standards:
MA Science/Technology/Engineering:
E2. Understand that the air is a mixture of gases that is all around us and that wind is

moving air.
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MA Instructional Technology (grades PreK-4):

Standard 1. Demonstrate proficiency in the use of computers and applications as well as
an understanding of concepts underlying hardware, software, and connectivity.

1.1 Develop basic skills for using hardware and applications (e.g., open/close a file,
navigate using scroll bars, arrow keys, special keys, and mouse).

1.2 Use correct terminology for basic components of a computer system (e.g.,
monitor, keyboard, disk, printer, mouse), and develop understanding of their
basic functions.

1.7 Collaborate with classmates to use teacher-selected websites.

1.9 Collaborate with classmates and teacher to create a slide presentation with
existing template.

1.10  Explore the use of drawing and painting applications for class projects.

Standard 2. Demonstrate responsible use of technology and an understanding of ethics and
safety issues in using electronic media.

2.1  Follow classroom rules for responsible use of computers.
2.2 Develop understanding of the school’s rules for safe and ethical Internet use.
2.4 Develop understanding of how the computer is a tool for learning.

Standard 3. Demonstrate ability to use technology for research, problem solving, and
communication. Students locate, evaluate, collect, and process information from a variety
of electronic sources. Students use telecommunications and other media to interact or
collaborate with peers, experts, and other audiences.

3.1  Explore and develop understanding of how to gather information from a variety
of electronic sources, including teacher-selected websites, CD-ROM
encyclopedias, and automated card catalog.

Learning Objectives:
K-12 General:
* Develop an appreciation for the global nature of the atmosphere.
* Improve communication skills, including oral presentations and writing.

Level-specific:
* Global characteristics and behavior of atmosphere, water cycle.
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CASA Connection:

CASA does not consist solely of engineers. Meteorologists are deeply involved and
critically important to the success of the Engineering Research Center. Their understanding of
the atmosphere and their need to observe it more closely are what drives the new radar design.
Giving young students the strongest background possible in the structure and function of the
atmosphere is compatible with CASA’s focus on atmospheric science.

Lesson Background and Concept for Teachers:

The basics of meteorology are covered in this sequence of computer lab lessons.
Students are made aware of the structure of the atmosphere and the basic gases that make it up.
They encounter such basic ideas as weather fronts and air pressure. While these can be
extremely complicated ideas, it is not necessary to overwhelm young students with too much
vocabulary or too many abstract concepts. It is enough to make them aware of these concepts so
they can revisit them on a deeper level in grade 4, and then again in grade 6. The core of this
unit is the study of technology that is used to measure and exploit the wind for human purposes.
This web site provides some needed background information, a context, in which to place the
study and exploitation of wind.

Teachers wishing to delve deeper into these concepts are advised to visit Jetstream
Online Weather School at http://www.srh.weather.gov/srh/jetstream/matrix.htm and read the
section on The Atmosphere.

Key Vocabulary/Definitions:

* Air: The mixture of gases that makes up the Earth’s atmosphere. The primary
gases are Nitrogen (78%), Oxygen (20%), Argon (0.9%), and Carbon Dioxide
(0.33%). The other 13 gases are present in such tiny amounts that we call them
“rare gases.”

* Atmosphere: A cloud of gas and suspended solids extending from the Earth's
surface out many thousands of miles, becoming increasingly thinner with distance
but always held by the Earth's gravitational pull. The atmosphere is made up of
layers surrounding the earth that holds the air we breath, protects us from outer
space, and holds moisture (clouds), gases, and tiny particles. In short, the
atmosphere is the protective bubble we live in.

* Altitude: Elevation above the Earth’s surface, measured in feet, meters, miles, or
kilometers.

*  “Thin Air”: Air in the upper levels of the atmosphere has lower density, therefore
fewer molecules per unit of volume.

* Air Pressure: Air pressure is simply the weight of air above an object. The weight
of air is directly related to the number of air molecules in a given volume. So, air
pressure depends on the number of air molecules in a given volume above an
object and how fast the molecules are moving. From sea-level to the top of the
atmosphere, the weight of all molecules above each square inch of any object (for
example, a one inch by one inch piece of paper), is about 14.7 pounds.
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Ozone: A different type of Oxygen molecule which has 3 atoms of Oxygen
bonded together (Os) instead of the usual 2 atoms of Oxygen (O,). Ozone is
found in the upper levels of the atmosphere and is responsible for blocking much
of the Sun’s harmful UV radiation.

Molecules: Atoms are bonded together in molecules. Students will not formally
encounter chemistry until much later in school. For now, they need to know that
molecules are tiny particles, made up of different combinations of even tinier
atoms. Atoms and molecules make up all known matter in the universe.
Convergence: Wind movement that results in a horizontal net inflow of air into a
particular region. The air mass tends to pile up, or rise.

Divergence: Wind movement that results in a horizontal net outflow of air from a
particular region. Divergence at lower levels is associated with a downward
movement of air from aloft. In other words, the air is sinking.

High Pressure System: An area of relative pressure maximum that has diverging
(sinking) winds and a rotation opposite to the earth's rotation. This is clockwise
the in Northern Hemisphere and counterclockwise in the Southern Hemisphere.
Low Pressure System: An area of a relative pressure minimum that has
converging, or rising, winds and rotates in the same direction as the earth. This is
counterclockwise in the Northern Hemisphere and clockwise in the Southern
Hemisphere. Also known as a cyclone, it is the opposite of an area of high
pressure, or an anticyclone.

Temperature: The measure of molecular motion or the degree of heat of a
substance. It is measured on an arbitrary scale from absolute zero, where the
molecules theoretically stop moving. It is also the degree of hotness or coldness.
In surface observations, it refers primarily to the free air or ambient temperature
close to the surface of the earth.

Volume: The amount of space an object takes up.

Charles’ Law: States that when the pressure is held constant, the volume of a gas
varies directly with the temperature. Therefore, if the pressure remains constant,
the volume of a gas will increase with the increase of temperature.

Front: The transition zone or interface between two air masses of different
densities, which usually means different temperatures. For example, the area of
convergence between warm, moist air and cool, dry air.

Cold Front: The leading edge of an advancing cold air mass that is under running
and displacing the warmer air in its path. Generally, with the passage of a cold
front, the temperature and humidity decrease, the pressure rises, and the wind
shifts (usually from the southwest to the northwest in the Northern Hemisphere).
Precipitation is generally at and/or behind the front, and with a fast-moving
system, a squall line may develop ahead of the front.

Warm Front: The leading edge of an advancing warm air mass that is replacing a
retreating relatively colder air mass. Generally, with the passage of a warm front,
the temperature and humidity increase, the pressure rises, and although the wind
shifts (usually from the southwest to the northwest in the Northern Hemisphere),
it is not as pronounced as with a cold frontal passage. Precipitation, in the form of
rain, snow, or drizzle, is generally found ahead of the surface front, as well as
convective showers and thunderstorms. Fog is common in the cold air ahead of
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the front. Although clearing usually occurs after passage, some conditions may
produce fog in the warm air.

Troposphere: The troposphere begins at the Earth's surface and extends up to 4-
12 miles (6-20 km) high. This is where we live. As the gases in this layer decrease
with height, the air becomes thinner. Therefore, the temperature in the
troposphere also decreases with height. As you climb higher, the temperature
drops from about 62°F (17°C) to -60°F (-51°C). Almost all weather occurs in this
region.

Stratosphere: The Stratosphere extends from the tropopause up to 31 miles above
the Earth's surface. This layer holds 19 percent of the atmosphere's gases and but
very little water vapor.

Mesosphere: The mesosphere extends from the stratopause to about 53 miles (85
km) above the earth. The gases, including the oxygen molecules, continue to
become thinner and thinner with height. As such, the effect of the warming by
ultraviolet radiation also becomes less and less leading to a decrease in
temperature with height. On average, temperature decreases from about 5°F (-
15°C) to as low as -184°F (-120°C) at the mesopause. However, the gases in the
mesosphere are thick enough to slow down meteorites hurtling into the
atmosphere, where they burn up, leaving fiery trails in the night sky.
Thermosphere: The Thermosphere extends from the mesopause to 430 miles (690
km) above the earth. This layer is known as the upper atmosphere. The gases of
the thermosphere are increasingly thinner than in the mesosphere. As such, only
the higher energy ultraviolet and x-ray radiation from the sun is absorbed. But
because of this absorption, the temperature increases with height and can reach as
high as 3,600°F (2000°C) near the top of this layer. However, despite the high
temperature, this layer of the atmosphere would still feel very cold to our skin
because of the extremely thin air. The total amount of energy from the very few
molecules in this layer is not sufficient enough to heat our skin.

Exosphere: The Exosphere is the outermost layer of the atmosphere and extends
from the thermopause to 6200 miles (10,000 km) above the earth. In this layer,
atoms and molecules escape into space and satellites orbit the earth. The transition
boundary, which separates the exosphere from the thermosphere below it, is
called the thermopause.

Materials Needed:

Access to computer lab, 1 computer per student.
Clipboards and writing paper

Microphone or reasonable facsimile
Videocamera on tripod if possible.
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Computer Lab Unit Sequence:

Introduction/Motivation:

Students are introduced to web site and shown the different sections. They are charged
with acting as “investigative reporters” who will make a “newscast” to the audience (the rest of
the class) about one section of the web site. (Session I of Computer Lab)

Body of Unit:

Student teams will be given time to read and summarize their selected section; they will
script and rehearse their presentation, then present their “newscast” to the audience. Students
should be able to speak into a microphone or something that looks like a microphone in order to
support the idea that they are making a live “newscast.” If there is an available videocamera and
tripod, taping the “newscasts” and replaying them later gives students a sense of authenticity and
excitement about their work, and makes for a great demo at Open House. (Sessions 2 and 3 of
Computer Lab)

Closure:

Students will each choose a new section of the web site that they did not research for the
“newscast.” After reading the new section, they will draw a picture in Paint depicting some
important aspect of the content. With teacher assistance, students will compile the pictures into a
Power Point slide show. If time permits, it is adviseable to let each student narrate his/her slide.
Parent volunteers could be solicited to assist with this final activity. (Sessions 4 and 5 of
Computer Lab, plus class time and Science Lab time, with possible assistance of parent
volunteers)

Assessments:
Pre-lesson:
Teacher observation that all students can successfully locate and navigate around web
site; observation that students can read and understand content.
Whole-class discussion of content on each section of web site.

In Process:

Teacher check-in with each group to assure that teams understand content and are
preparing appropriate reports.

Successful student drawing and narration in slide show preparation.

Summary:
Successful “newscasts” by reporting teams.
Paint drawings compiled into Power Point slide show with teacher assistance.

Suggested Modifications for Special Needs:

Students who have difficulty reading or understanding content could be paired with
strong readers, forming mixed-ability groups or pairs. For final activity in Paint, weak and
strong readers could be assigned to sit next to each other and work on the same page of web site,
thus giving support to the student who is the weaker reader.
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References:

NCAR (National Center for Atmospheric Research) and UCAR (the University Center for
Atmospheric Research) home page: http://www.ucar.edu/

NCAR/UCAR Weather and Climate Basics: http://eo.ucar.edu/basics/index.html

NCAR/UCAR Kids’ Crossing/Stuff in the Sky: http://eo.ucar.edu/kids/sky/air].htm

Additional Resources and Information:

Jetstream Online Weather School: http://www.srh.weather.gov/srh/jetstream/matrix.htm

Contributors:
Mary M. Taft, Science Specialist, Soule Road School, Wilbraham, MA
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