Activity:
Making Climographs

Objective:
To have students understand the value of showing numeric data in a visual format, and to teach them that graphing data is simple and fun.  The final graphs also allow students to learn about the climates of various cities around the earth and to get an idea of how latitude affects (or in some cases does not affect) a city’s climate.

Grade level: 
4th-5th, but can be adapted to older students (4th-5th is the youngest you can really go with this).

Format: 
Hands on, drawing and graphing, small group (pairs) or individual work.

Materials:
Pre-made 11x17 size blank climograph charts;  colored pencils,  large world map,  post-it note pads with city names and latitudes, pre-cut slips of paper with climate data on them for various cities around the world.

Description:
Start by drawing a large blank climograph on the board (or overhead) and pass out the strip with climate data for Corvallis around the room.  Have various students come up and graph variables for each month.  Graph maximum and minimum temperatures and precipitation only through spring, connect the datapoints, and have students complete the shape of the line for the entire year (they always guess correct).  Once they get the idea, go around the room with all the strips mixed up and have them choose one at random.  Be sure and have them draw and label maximum temperatures in red, minimum in blue, precipitation in green.  When they have finished their graphs, have them paste their strip of data to the top, then tape it to the board.  Have students put their post-it note pads with name and latitude of their city on the large map, then talk about the differences in the shapes of the various graphs.

Suggestions:  Have students work individually instead of in pairs.  If you have time, address the reasons why cities are not always as cold as you would think as you move away from the equator (i.e., Quito, Ecuador (0S) is not hot because of its elevation, European cities (45-60N) are not cold all the time because of the Gulf Stream, etc.)  Students will probably notice this anyway.  Also point out how temperature curves for northern and southern hemisphere cities are reversed.  If time allows, have a student go to the very back of the room where they can’t read the names of cities on the climographs, and have him or her guess where the city is based purely on the shape of the curves.  Also you can let students artfully decorate their graphs with drawing of what their city might look like (i.e., desert/pyramids for Cairo, etc).  Students with really cold climates where the temperatures are often below zero will need some extra help as the concept of graphing negative numbers is often difficult.

Resources: 
You can get more data than you will ever need from the internet;  use your favorite search engine and key in ‘climate data’.
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Activity:
Thermal Insulation Investigation

Objective:
Have students figure out what materials are better insulators than others, and to graph scientific data they have gathered.

Grade level: 
4th-5th, but can be modified for older students.

Format: 
Hands on, teamwork (groups of 3).

Materials:
Thermometers, small glass jars with lids (small holes in them to insert thermometer), squares of 9 (or more) different materials, stopwatches, rubber bands, hot water, pre-made blank graphs.

Description:
Start off by asking students what they would pack to wear if they were going to the north pole tomorrow on an arctic expedition.  Then write the 9 materials on the board, tape the samples next to them, and ask which two of these they would choose to keep themselves warm.  Demonstrate to them how they are going to try to keep hot water inside a glass container from cooling off by using two materials strapped with rubber bands to the container.  Have each group decide amongst themselves which two materials they want to work with, and which material to put on the inside and outside of the jar.  Each person in a group will have a specific job: one will be the timer, another the data recorder (on a blank t-chart), and another the temperature reader.  Have them record the temperature of their water about 20 seconds after immersing the thermometer (this will be the temperature at time “0”), and every 3 minutes after that, for as long as you have time for (for us it was about 15 minutes, giving 5 data points, which was sufficient).  As they start their experiments, start the control sample at the front of the room (jar with no insulation).  During the next class period (you won’t have time to do this all in the same class), graph the control sample data on a large blank graph on the board or overhead, and have students come up and graph their results.  Discuss the differences and determine which combination of materials was ‘the winner’.


Materials I used:  polyester fill, polyester/cotton blend, aluminum foil, wool, plastic, thick polyester, polypropylene, black cotton, denim.

Suggestions:  Instead of having students choose what materials they use, arrange it such that all types of materials are being used somehow (or instance, nobody wanted to use denim in my class).  Glass containers work much better than plastic, and make sure that students cover as much of the container as possible with their two materials (if the top is left exposed, it will affect the results).  I used a thermos full of very hot water, went around the room and very carefully filled each jar about 2/3 full; you don’t need to fill it up all the way.  Make sure students know how to read the thermometer (we used degrees Celsius because the divisions on the Fahrenheit side were small and hard to read) and how to use a stopwatch.  When graphing everyone’s results on board or overhead, make sure to have them use different colors or lines (dashed, solid, etc) and make a legend telling which line represents what combination of materials.  This can get really messy!  But it will be obvious which combination kept the water warmer for the longest amount of time.  Also, address the issue of whether it makes a difference which material is on the inside, and which is on the outside (it does make a difference).  If possible, have two groups use the same two materials but in a different order (inside/outside).  You can walk around the room with a hairdryer (set to blow just air, not hot air) and see if a wind affects their rate of heat loss.

Resources: 
National Science Foundation Polar Connections book (or NSF website at



http://www.nsf.gov/od/lpa/nstw/teach/nstw98/english/content.html )
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Activity:
Investigating Ice Balloons

Objective:
To allow students to look closely at ice (like they never have before!), and understand some of its basic properties.

Grade level: 
4th-5th, but can be modified to fit just about any grade.

Format: 
Open-ended, hands-on exploration.

Materials:
Balloons (or sandwich-sized zip-loc bags), water, freezer, magnifying glasses, nails, salt, flashlights, different colors of food coloring, large plastic basins, clear plastic gallon-size or bigger containers.

Description:
A week before you plan to do this, put your water balloons or bags filled with water in the freezer.  (It takes a surprisingly long time for a block of ice the size of a small balloon to freeze). Either way you want a piece of ice up to about 5 or 6 inches in diameter.  After students tear or cut the balloon or bag away from the ice, let them have at it.  This is a very open-ended investigation.  Students simply try different thing to melt the ice, or to get food coloring inside the ice, etc.  When I did it I simply introduced the procedure and wrote a few ideas on the board as to what they might try, just to get them going.  Some of these were:



-  Put things on the ice (salt, hands, etc.)



-  Shine a flashlight through it to see the spicules and designs within.



-  Use a magnifying glass to see the designs up close.


-  Try to sink the ice (place it in the clear gallon-sized or bigger container filled ¾ with water).



-  Try to melt a hole in the ice using salt and a nail.

 

-  Try to get food coloring inside the ice (inside the spicules).



-  Try to determine of spicules are hollow.


-  Try to make your hole big enough to insert a thermometer, or simply record the temperature of the water right next to the floating ice.


… and so on.  They had no problem staying really busy with this, and coming up with ideas of their own.

Suggestions:
I had students work in groups of 3 (only because I was limited by my number of supplies); pairs would work great for this.  I also had students write down 2 or 3 observations they made about ice at the end.  You can discuss icebergs (especially the percentage of an iceberg that is invisible under the ocean) when students put their ice in water.  Be careful that students do not get out of control with the nails, smashing the ice, and possibly breaking your containers!  I also reminded them a significant portion of the earth’s surface (the cryosphere) is covered with ice.  If you use zip-loc bags, be careful of them leaking in your freezer.  Balloons are more fun.  Students also played around with string; if you do it right, you can get salt to freeze on a string a pick it up.  Very cool.
Resources: 
Check out the exploratorium website:    http://www.exploratorium.edu/ 
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Activity:
Convection in Water

Objective:
To have students understand how hot water rises and cold water sinks.

Grade level: 
4th-5th.

Format: 
Hands-on controlled activity, in pairs or groups of three.

Materials:
Clear plastic container, gallon-sized or slightly bigger (like a small aquarium), small clear container with lid having a hole in it, pennies, water, very hot water, ice cube, blue food coloring, red food coloring.

Description:
Start by asking whether hot water rises (since students probably already know that hot air rises).  Then show them how this experiment will help them answer the question.  Usually students will be divided about the question of whether hot water rises.  Fill the clear containers almost full beforehand, and distribute them to the pairs or trios of students.  The key here is for students to NOT jiggle the water in any way; the results are much better if the water is VERY still.  Next, put 8-10 pennies in the bottom of the smaller clear container, along with 3-4 drops of red food coloring, and fill very full with very hot water (I used a thermos with hot water and distributed the water myself around the room).  The pennies are there purely to add weight to the bottom of this smaller container so that it will sit squarely on the bottom and not float away.  Snap the cap on, then have students place this smaller container right-side up in the large container.  If the hot red water does not come out right away, you may need to tap or push gently on the top of the container a few times to get the air bubbles out.  Students will notice that the hot red water goes up to the surface, where it spreads out and makes a layer of red.  After a few minutes, put an ice cube in the water as far away from the rising red column as possible.  After it starts to melt (10 seconds or so),  put a few drops of blue food coloring on top of it.  This cold blue water will then drop directly to the bottom of the container and spread out.  After a few minutes the blue water will start to rise up the sides of the small red container; students will notice this.  Try to guide them to the reason for this.  Have students draw a picture of the setup, indicating with colored pencils (red for hot, blue for cold) which way the water is going.
Suggestions:   This activity is a bit tricky to do without a few trial runs before you do it with your 

class.  But once you get the procedure down, it works like a charm every time and never ceases to be a major hit.  For this activity I had the students follow a set laboratory procedure (i.e., question, hypothesis, materials, data, conclusion).  The data section consisted only of a drawing to illustrate the direction of hot (red arrows) and cold (blue arrows) water movement.  For the clear plastic container, I used containers I got from an insect kit (they were for cricket habitats, the kinds with the caged top).  They worked perfectly.  You could tape a map of the world with hot and cold ocean currents  labeled and discuss how the temperatures of the oceans are always changing and moving around.  After the exercise I drew a cross-section of a continental shelf with an ocean and illustrated how convection occurs in the ocean (i.e., deeper water is colder than surface water).  Be sure and put at least 3 drops of red food coloring in the hot water; you want a strong red liquid so students can see it really well.

Resources: 
JASON project brochure, or website at http://www.jasonproject.org .
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Activity:
Convection in Air

Objective:
To have students see how hot air rises, and to graph data from observations.

Grade level: 
4th-5th.

Format: 
Classroom demonstration, group activity.

Materials:
Thermometers, string, meter sticks, helium balloons, blank graphs, high ceiling (gymnasium works great).

Description:
Well before class time, set up the experiment either in the gymnasium or the part of the classroom with the highest ceiling.  Have one thermometer on the ground, one a meter above the ground, another 2 meters, and so on, as high as your ceiling is, until you have one balloon right up as close to the ceiling as possible.  The string for each should come all the way down to the ground so that you can easily bring it back down.  How many thermometers you have floating depends on how much height is available to you (I had 4, 2 of which were floating with balloons).  Draw either on the board or on the overhead a large blank graph.  After reading the ground-level thermometer, ask students what the temperatures of the higher thermometers might be (higher or lower?)  Then have students come up and read the temperatures on these thermometers, starting from the bottom up.  Have a student(s) chart the results on the graph on the board, and have everyone do the same on their own graphs at their desks.  It is imperative that the student reading the thermometers measure as accurately as possible the height of the thermometers (by simple measuring the length of the string as they are pulling it down to read it).  The result will hopefully show that the temperature at the very top of the room is significantly warmer than that at the bottom (in one case we had a 5 degree difference, in a room with a fairly low ceiling!)  Discuss the trends of the line and try to predict what the temperature would be if the ceiling were 100 feet high.

Suggestions:    This activity works better when you have a higher ceiling.  Make sure your 

thermometers are light enough for only one or two balloons to hold them ‘aloft’.  Also, keep in mind that helium balloons lose much of their ‘floatiness’ within 24 hours or so.  I planned on doing the same experiment two days in a row and had to really improvise the second day because my balloons were totally shot.  I gave students a blank graph with no numbers on either axis and used this activity as an exercise in how to choose the correct scale on the axes (since we didn’t know beforehand what kinds of temperatures we’d be graphing).  It is just as likely that the temperature in your room will not necessarily rise as you go upward.  In one case our results were really affected by an air vent.  If your results are not ‘correct’, discuss possible causes with your students.  We talked about how in the atmosphere temperatures go down as you go higher, and the reasons for this.  This is a nice experiment to do before the water convection activity.

Resources: 
JASON project brochure, or website at http://www.jasonproject.org .

Your name and Fellow year:
Jonathan Smith, 2001-2002

School where activity was used:
Lincoln Elementary School, Corvallis OR

Vocabulary for Frozen Worlds, 4th-5th grades, Lincoln Elem, 10-11/01

With each new lab, the appropriate vocabulary were introduced.  They were written on the board and students copied the words and their definitions in their Frozen Worlds folders.

1.  arctic :   the region around the north pole (latitudes greater than 66.5 degrees north).

2.  antarctic :  the region around the south pole (latitudes greater than 66.5 degrees south).

3.  cryosphere :  regions of the earth permanently covered by snow and ice.

4.  climate :  weather conditions over a long period of time (30 years is ideal).

5.  weather :  the condition of the atmosphere at any moment.

6.  albedo :  amount of sun’s energy that bounces off a surface (high for snow, low for dirt).

7.  thermal :  having to do with heat.

8.  insulator :  a material that stops the flow of heat (can be good or bad at doing this).

9.  control sample :  a comparison for checking the results of an experiment.

10.  convection :  when heat moves from one place to another in a substance (like air or water).

11.  spicules :  small frozen needle-like lines inside of ice.

12.  freezing point :  the temperature at which something freezes (32 degrees F for water), same as melting point.

13.  melting point :  the temperature at which something melts (32 degrees F for water), same as freezing point.

