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7. Description: This document is a lesson plan for a short module covering: 

 (i) the concept of temperature and how it is measured 

 (ii) the transportation of heat - specifically conduction and radiation 

 (iii) the material dependence of the transportation of heat 

Colorado state science standards addressed by the module are included. The module is readily adapted for 

students in grades 1-12. It was originally drafted for presentation to children aged 7-13 at the Rocky 

Mountain Camp for Dyslexic Children. The planned activities are therefore hands-on and do not rely on 

reading or writing skills.  

8. Science Standards Addressed: (from the Colorado Department of Education) 

http://www2.cde.state.co.us/scripts/allstandards/costandards.asp?stid=7&stid2=0&glid2=0 

Standard 1 - Physical Sciences 

 High School  

o Outcome 2: Matter has definite structure that determines characteristic physical and 

chemical properties 

o Outcome 5: Energy exists in many forms such as mechanical, chemical, electrical, 

radiant, thermal, and nuclear, that can be quantified and experimentally determined 

 8th Grade 

o Outcome 2: There are different forms of energy, and those forms of energy can be 

changed from one form to another - but total energy is conserved 

 6th Grade 

o Outcome 3: The physical characteristics and changes of solid, liquid, and gas states can 

be explained using the particulate model 

 4th Grade 

o Outcome 1:Energy comes in many forms such as light, heat, sound, magnetic, chemical, 

and electrical 

 3rd Grade 

o Outcome 1: Matter exists in different states such as solids, liquids, and gases and can 

change from one state to another by heating and cooling 

Standard 3: Earth Science 

 High School 

o Outcome 2: As part of the solar system, Earth interacts with various extraterrestrial forces 

and energies such as gravity, solar phenomena, electromagnetic radiation, and impact 

mailto:msingh@mines.edu
http://www2.cde.state.co.us/scripts/allstandards/costandards.asp?stid=7&stid2=0&glid2=0


events that influence the planet's geosphere, atmosphere, and biosphere in a variety of 

ways 

 5th Grade 

o Outcome 1: Earth and Sun provide a diversity of renewable and nonrenewable resources. 

9. Objectives: 

1. Introduce the concept of temperature as something we associate with hot and cold 

2. Introduce the concept of phase transitions 

3. Introduce conduction as a thermal transport mechanism 

4. Discuss its material dependence  

5. Introduce radiation as a thermal transport mechanism 

6. Discuss its material property dependence 

Time requirements - Up to point 4, 1 hour, up to point 6, 1.5 hours. 

10. Background: 

Temperature is a measure of a material’s thermal energy. Thermal energy is transferred from one body to 

another due to a difference in temperature. We are so accustomed to temperature that we hardly think about 

it anymore; we know that soup and fire are hot, a book and a table are less hot at “room temperature,” and 

ice cubes and ice cream are cold. When two objects with different temperatures are brought together, 

thermal energy is transferred from the hotter object to the colder object; this usually results in the hotter 

object decreasing in temperature and the colder object increasing in temperature. There are three routes of 

heat transfer between objects: conduction, radiation, and convection. Conduction is the transfer of energy 

when two objects with different temperatures are physically touching, and molecules from the hotter object 

collide with the slower-moving colder object’s molecules and transfer some of their energy, bringing both 

objects to an equilibrium temperature. Thermal radiation is the transfer of energy as electromagnetic waves 

and requires no contact between the objects. Lastly, convection is the transfer of energy as hot liquids or 

gases rise, taking the place of cooler liquids or gases, which are then warmed and start to rise, creating a 

cycle of warming that eventually raises the temperature of the overall liquid or gas.  

11. Safety: 

For the melting chocolate activity demonstrating conduction, hand warmers are used. They can get 

extremely hot and caution should be exercised. The radiation procedures are carried out under incandescent 

light bulbs, which should not be touched. These can get hot and burn the skin, and could hurt the eyes if 

looked at directly for too long.   

12. Materials: 

Printouts of assessment questions. 

Paper Thermometer 

 Adding machine paper (enough to give ~ 12” to each student) 

 Colored pencils (enough to give one to each student) 

 Meter stick (one to give one to student) - older students only. Pre-written numbers for younger 

students.  

 Cutout images for sticking on ‘thermometer’ 

 Glue (enough to give one to each student) 

 Printed temperature chart 

 Scissors 

Material dependence of conduction (will team up in groups of two for this) 

 Chocolate chips (check ahead of time if ok for children to eat these/have other candy for 

allergies) 

 Metal and Plastic Pennies (one set for each pair or students) 

 Hand warmers 

 Fast responding meat thermometers (25 - 200F) (enough to give one to each pair of students) 

Dependence of absorption on color (will team up in groups of two for this) 



 Fast responding meat thermometers (25 - 200F) (enough to give one to each pair of students) 

 Several pieces of foam board (2”x2”) (enough to give one to each pair of students) 

 Aluminum foil 

 Black and white construction paper 

 Incandescent desk lamp  (enough to give one to each pair of students) 

 Compact fluorescent bulb (for one of the lamps) 

 Stop watches 

 Paper to record temperatures 

The third method of heat transport - convection (if have time to fill) 

 Projection mechanism 

 Laptop with access to internet 

 

13. Introduction talking points: 

NOTE: The questions on the last page should be asked before and after the module and the answers 

compared for assessment.  

Talk about temperature and how we know if something is hot or cold; come up with a group definition of 

“hot” and “cold”. The first activity explores the temperature scale and shows them that it extends beyond 

the range we normally think of for hot and cold, and introduces the kids to the idea of phase transitions for 

both water and other substances. Talk about how heat travels from one place to another. Conduction – you 

touch something warm to make your hands warm. Convection – milk in a microwave. Radiation – how the 

sun warms us.  

14. Activities 

For each group, go in order with the activities (paper thermometer, conductivity of chocolate, effect of 

color on light absorption, convection currents) as each activity builds on the previous ones but the future 

activities are not required for complete understanding of each concept. The discussion questions after 

each activity can be tailored for the science standards of each grade and the kids’ understanding.  

A. Paper Thermometer 

Preparation – Draw the temperature chart in table 1. Set up this chart in place students can see it before 

beginning activity. Print and cutout images of things that happen at relevant temperatures. For example, 

penguins, volcanos, ice cubes etc.  

Talking points before beginning activity – At what temperature does water freeze? Do other things freeze? 

Give some examples. What is the temperature outside today? Where is the coldest temperature on earth? 

Activity - Spread the students out. Each one needs a pencil/colored pencils/a measuring stick (12”) 

depending on their age. Help them to build a number line using the adding machine paper. Have them mark 

and label the points from the table, measured down the paper strip. Make sure that the students have the 

measuring stick properly oriented. Have the students glue the printed images to the temperature marks or 

draw pictures, whichever they feel most comfortable with.  

For younger groups: tell them where to draw/glue what images  

Middle groups: have them pull the temperature values for each image from a chart 

Oldest groups: have them put images on the thermometer without guidance 

Discuss more everyday temperatures first, then go hotter/colder to molten rock and Antarctica. Talk about 

being correct about the temperatures for the older group that did not receive guidance.  

Discussion -   

- Connection between heat and energy, what direction do we move when we add or remove heat from 

something like water (blue and red arrows for things getting cold/hot).  



- Include the relationship between phase transitions and temperature (freezing and boiling point of water, 

etc), and how all materials have solid/liquid/gas phase transitions. Rocks can melt (volcanoes) and air can 

freeze.  

- Further discussion could be about where “room temperature” and human body temperature fits on the 

temperature line; use chocolate chips to show that the melting point of chocolate is about human body 

temperature (good for children to eat and get excited about, need to have a way to clean their hands).  

- Bring up absolute zero where everything freezes out. Naturally the Earth can get very cold, we can get 

much colder in labs, or even out in outer space. 

Table 1 

Item Temperature (F) Temperature (C) Inches 

Absolute zero -460 -273 0 

Outer Space -454 -270 ~0 

Coldest temperature on Earth 

(Antarctica) 

-129 -89 2.25 

Ice cream melts 10 -13 3.2 

Penguins 18 -8 3.25 

Water freezes 32 0 3.4 

Human body 98.6 37 3.8 

Water boils 212 100 4.6 

Bake cookies 375 190 5.7 

Volcano (molten rock) 1300 1760 12 

The Sun 9950 5500 71.3 

 

B. Conduction 

Preparation - Before the students arrive, (at least 30 minutes), open the hand warmers so they can start to 

activate and reach a high enough temperature to melt the chocolate. Obtain chocolate chips with high 

percentage of cocoa butter. Keep chocolate chips with an ice pack if it is a hot day.  

Talking points before beginning activity – How would you know whether something is hot or not? By 

touching it. When we touch something, heat (thermal energy) flows from that object to us or from us to that 

object. This is only one mechanism of thermal energy flow. It is called conduction. If you go out on a cold 

winter day, you wear a jacket filled with feathers or cotton. If it was filled with steel wool, would you stay 

warm? So different materials conduct heat differently. Of copper and plastic, which do you think is a better 

conductor of heat?  

Activity - Divide the students into groups of two. Ask students to predict which chocolate chips will melt 

first (metal or plastic penny) and why. Connect this to what pots and pans at home are made of versus what 

the spoon used to stir the pot of soup is made of. Then have them do the experiment. Give each group a 

metal and a plastic penny with chocolate chips to place onto the pennies. Heat one side of the pennies with 

a heating pad/hand warmers. Does the result match their prediction? 



Next, to add to their paper thermometer, have the students place a new chocolate chip on a metal penny and 

place a meat thermometer on the penny and watch the temperature rise. Have the students record the 

temperature the chocolate begins to melt. They can then add this measurement to their thermometer as well. 

Discussion –  

- Why did the chocolate chips on the two materials not melt at the same rate?  

- Ask if there was a metal bench and a plastic bench on a hot day outside in the sun, which would they sit 

on?  

- Why do we use coolers to keep drinks cold?  

- Link back to phase transition of chocolate -> melted chocolate, from the number line activity just like 

ice->water. Everything goes through a phase transition just at different temperatures.  

- This could also become a more advanced discussion about atomic structure of a material and how that 

affects conductivity with older students.  

- Which materials conduct well and which do not?  

- Pots and Pans are made of metal but cooking spoons are wood. Why? 

- Insulation on a house, what would we make it out of? Would it keep us hot or cold? Or both? 

- This would also lead to a discussion about the applications of different materials for different purposes 

based on their physical and chemical properties. 

- Can thermal energy flow in other ways? We get heat from the sun without touching it for example.  

C. Radiation          

Preparation - At least a day in advance of the procedure, spray paint one side of two pieces of foam board 

black leaving the other side white. Allow to dry. Use the spray adhesive to glue aluminum foil cut to the 

size of the foam board onto the white side of one of the pieces. Leave the other one with one side black and 

the other side white.  

Talking points before beginning activity – How does the sun heat up the earth? Radiation. So, if you are 

using sunlight to heat something up, eg. water in a tank on the roof, what color should the tank be? Does it 

matter? Would you rather wear a light color or a dark color on a hot, sunny day?  

Activity - This activity explores how different colors affect the way sunlight is absorbed to produce heat. 

Ask the students to predict which will absorb more light to produce heat, a black surface or a white surface. 

They should have good intuition about this from wearing light and dark clothes on a sunny day.  

This procedure can be done outside in the sun, but also can use an incandescent desk lamp. Insert the end 

of a meat thermometer into the foam of the foam board which has one white and one black side so the point 

of the thermometer is at about the center. Have the students situate the lamp with the light bulb a couple of 

inches above the bench or desk. Insert the foam board under the light with the white side up. Watch the 

temperature increase. When it has approximately reached equilibrium (a few minutes) record the 

temperature. Now rotate the foam board so the black side is facing the lamp. Try not to bump the lamp and 

try to get the foam board into the same approximate position under the lamp. Record whether the 

temperature increases or decreases and the temperature when it has reached equilibrium. Repeat the 

procedure a couple of times rotating between white and black sides to make sure conclusions about which 

surface leads to higher temperature are reproducible.      

Now the students can experiment with many variations on this procedure. They can use the foam board 

with a reflective aluminum face and a black face. Is the aluminum more like a white or a black surface in 

the way it converts sunlight to heat? With the black face under the lamp and the temperature close to 

equilibrium, place one of the white squares of construction paper over the black surface, does temperature 

increase or decrease? Do the same with the white side of the foam board placing a black square over the 

white surface. The students can also try using different colored construction paper instead of white or black 

paper. They should have discovered the aluminum foil was not a good absorber similar to the white surface.  

Discussion –  



- Ask them to revisit their hypothesis about which gets hotter, the white or black surface, and to improve 

their explanation.  

- How did heat travel from the lamp to the foam board?  

- How does heat travel from the sun to the earth? 

- Does it matter that there is a vacuum in between the sun and the earth?  

- Specify that this mode of heat transport is called radiation.   

- For the oldest students - ask if you have a black surface and white surface, which have both been heated 

to the same temperature, which would cool off fastest?  

- To connect to the previous activity - ask if they could tell whether the white or black surface was hotter 

by looking at them? If not, how could they tell? They will say by touching - so they are relying on a 

method of heat transfer which is not radiation since radiation does not require contact. 

 

D. Convection (IF THERE IS EXTRA TIME) 

Convection currents video: YouTube video about convection currents for the older kids 

https://youtu.be/RCO90hvEL1I. This is the third mechanism of heat transfer. A discussion of the video 

would introduce the idea of convection currents: the transfer of heat by the movement of molecules. Ask 

kids to explain how convection works by the example in the video; correct their thinking if on the wrong 

track. Discuss different examples of convection in real life, such as convection currents in the ocean and in 

the atmosphere (e.g. wind and thunderstorms). Does convection happen with liquids? Gases? Solids? 

Conditions required for convection? Can it happen on its own? Can it be forced? (answer: yes,  by outside 

forces such as a water pump).  

  

https://youtu.be/RCO90hvEL1I


15. Questions for assessment of effectiveness of module 

 

 

 


