THERMAL ENERGY
MODULE 1: TEMPERATURE

THERMO-BOT:
THERMAL ENERGY
CURRICULUM GUIDE:
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EXCITING

THERMO-GAMES:
1. BUILD-A-BOT :

TEMPERATURE/SCALE
2. WAVE BLASTER: RADIATION,
ELECTROMAGNETIC SPECTRUM,
FREQUENCY AND WAVELENGTH
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THERMO-BOT:
CURRICULUM GUIDE:

GUIDE OVERVIEW:
This guide will help you as an instructor steer students to the learning
objectives of these modules. It will provide support in how to utilize the
game-play and simulation building to teach the science needed to build the
games well.

THINGS TO KNOW ABOUT
THESE GAMES
All games will explore the world
of thermal energy
All games will star a depressed
robot
All games should be fun to play
and explain the science well

THE GOAL:
The goal of the game is to re-build NELSON the INCREDIBLY DEPRESSED
THERMO-BOT and by playing through various thermal energy challenges, charge
his nuclear battery and persuade him to change his attitude.

YOU WILL BUILD AND PLAY 2 THERMO-GAMES:
1. BUILD-A-BOT

2. WAVE BLASTER
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LEARNING OUTCOMES for Build-a-Bot
• Know that as an object’s thermal energy (temperature) increases, its molecules vibrate faster. This
is true whether the object is a solid, liquid, or gas.
• Know that there is a direct relationship between the temperature of an object and its thermal
energy.
• Know that scaling is a human process of assigning numbers to certain quantities of a quality such
as distance, time, and heat.
• Know that a temperature scale requires two reliable anchor points with associated numerical
values.
• Know the anchor points used to create the Fahrenheit, Celsius, and Kelvin scales.
• Know how to convert values on one temperature scale to values on another.
• Know that the slope of a line can be calculated by pairs of values on two scales.
• Recognize the relation between the slope and intercept of a plotted line and the terms of the
equation that describes the line.

LEARNING OUTCOMES for Wave Blaster
• Know that all objects emit electromagnetic (EM) waves because of their thermal energy.
• Know the names of the bands in the EM spectrum and be able to give examples of objects that emit
EM waves in each band.
• Know that EM waves can also be generated by means other than thermal radiation.
• Know the meaning of the terms wavelength and frequency.
• Know how a wave’s wavelength, thermal energy/temperature, and frequency are precisely related
to each other. The shorter the wavelength, the higher the frequency and energy.
• Know that EM waves carry energy which excites the molecules of the objects they hit, causing an
increase in the thermal energy and temperature of the object.

STANDARDS

Builda-Bot

Wave
Blaster

Grade Five - Nature of Energy
1.

Define temperature as the measure of thermal energy and describe
the way it is measured.

•

Grade Eight - Nature of Energy
4.

Demonstrate that waves transfer energy.

•

Grade Nine - Nature of Energy
11. Explain how thermal energy exists in the random motion and
vibrations of atoms and molecules. Recognize that the higher the
temperature, the greater the average atomic or molecular motion,
and during changes of state the temperature remains constant.
17. Demonstrate that thermal energy can be transferred by conduction,
convection or radiation (e.g., through materials by the collision of particles,
moving air masses or across empty space by forms of electromagnetic
radiation).
18. Demonstrate that electromagnetic radiation is a form of energy.
Recognize that light acts as a wave. Show that visible light is a part
of the electromagnetic spectrum (e.g., radio waves, microwaves,
infrared, visible light, ultraviolet, X-rays, and gamma rays).
19. Show how the properties of a wave depend on the properties of the medium
through which it travels. Recognize that electromagnetic waves can be
propagated without a medium.

•

•
•
•
•
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NCTM MEASUREMENT STANDARDS
Understand measurable attributes of objects and the units, systems, and processes of
measurement
Pre-K–2 Expectations: In pre-K through grade 2 all students should–
•
•
•
•
Grades

recognize the attributes of length, volume, weight, area, and time;
compare and order objects according to these attributes;
understand how to measure using nonstandard and standard units;
select an appropriate unit and tool for the attribute being measured.
3–5 Expectations: In grades 3–5 all students should–

understand such attributes as length, area, weight, volume, and size of angle and select the
appropriate type of unit for measuring each attribute;
•
understand the need for measuring with standard units and become familiar with standard units in
the customary and metric systems;
•
carry out simple unit conversions, such as from centimeters to meters, within a system of
measurement;
•
understand that measurements are approximations and how differences in units affect precision;
•
explore what happens to measurements of a two-dimensional shape such as its perimeter and area
when the shape is changed in some way.
Grades 6–8 Expectations: In grades 6–8 all students should–
•

understand both metric and customary systems of measurement;
understand relationships among units and convert from one unit to another within the same
system;
•
understand, select, and use units of appropriate size and type to measure angles, perimeter, area,
surface area, and volume.
Grades 9–12 Expectations: In grades 9–12 all students should–
•
•

•

make decisions about units and scales that are appropriate for problem situations involving
measurement

Apply appropriate techniques, tools, and formulas to determine measurements.
Pre-K–2 Expectations: In prekindergarten through grade 2 all students should–
measure with multiple copies of units of the same size, such as paper clips laid end to end;
use repetition of a single unit to measure something larger than the unit, for instance, measuring
the length of a room with a single meterstick;
•
use tools to measure;
•
develop common referents for measures to make comparisons and estimates.
Grades 3–5 Expectations: In grades 3–5 all students should–
•
•

•
•
•
•
•

develop strategies for estimating the perimeters, areas, and volumes of irregular shapes;
select and apply appropriate standard units and tools to measure length, area, volume, weight,
time, temperature, and the size of angles;
select and use benchmarks to estimate measurements;
develop, understand, and use formulas to find the area of rectangles and related triangles and
parallelograms;
develop strategies to determine the surface areas and volumes of rectangular solids.
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Grades 6–8 Expectations: In grades 6–8 all students should–
use common benchmarks to select appropriate methods for estimating measurements;
select and apply techniques and tools to accurately find length, area, volume, and angle measures
to appropriate levels of precision;
•
develop and use formulas to determine the circumference of circles and the area of triangles,
parallelograms, trapezoids, and circles and develop strategies to find the area of more-complex
shapes;
•
develop strategies to determine the surface area and volume of selected prisms, pyramids, and
cylinders;
•
solve problems involving scale factors, using ratio and proportion;
•
solve simple problems involving rates and derived measurements for such attributes as velocity and
density.
Grades 9–12 Expectations: In grades 9–12 all students should–
•
•

•
•
•
•

analyze precision, accuracy, and approximate error in measurement situations;
understand and use formulas for the area, surface area, and volume of geometric figures, including
cones, spheres, and cylinders;
apply informal concepts of successive approximation, upper and lower bounds, and limit in
measurement situations;
use unit analysis to check measurement computations.
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GAME 1: BUILD A BOT
GAME pLAY TEACHERS GUIDE:

In this game students will build a simulation that will allow them to build Nelson
the Robot and equip him with a Thermometer that will gauge his thermal energy.
In order to accomplish this they will build their own thermometer and figure out
how thermal energy works and how they can measure it.

STAGE 1 BUILDING THE BOT
The student will begin the simulation by
assembling the pieces of the robot onto
the robot stage. Once correctly assembled,
the coin machine will activate and the students
will be able to build their own thermometer.
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STAGE 2 BUILDING THE THERMOMETER
LEARNING OBJECTIVES:

STUDENTS WILL:
Students should develop meaning around the use of scale.
Students should author their own scale, empowering them to think
and act like scientists.
Understand that creating a scale is a way to assign a number to a certain
quantity of a phenomenon such as distance, time, weight, and
temperature.
Know that a thermometer is a device for measuring temperature.
Know that “degree” is a unit of temperature, and can indicate different
amounts of temperature depending on how the scale is defined.

PLAY OBJECTIVES:

STUDENTS WILL:
Experiment with objects of different temperatures to see how the
thermometer responds.
Choose and assign values to anchor points to define their own
temperature scale.
See how values on their temperature scale convert to standard scales
(c, f, k).
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STAGE 2 BUILDING THE THERMOMETER
The player will choose two anchor points from a library of coins that represent
objects with visible heat-related phenomena. By assigning different numbers to
the anchor points, students can experiment with various units of temperature.
The student can also take a coin and place it in the test slot and expand the
mercury in the tube. The goal here is to have students understand how humans
have measured phenomena we encounter in everyday life.

Students select various
anchor points from the
temperature coin selection
box and place them into the 3
Thermobot coin entry points.

These entry points are on the left side of the
robots chest.
Top slot is a high anchor point.
Middle slot is a low anchor point.
Bottom slot will take the temperature of the object on the
coin
ʻ
The next sections support the main thermometer build interactions that are
experienced in various order depending on the play of the student.
(Note: Itʼs important to give the students the freedom to play with the coins)
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testing the thermometer:
When the students place the coin in the test slot the mercury will react and
expand to the heat that the object on the coin represents.

molecular viewer:
The bottom display is a molecular view of the
mercury in the thermometer. The higher the
temperature the faster the molecules vibrate.
This is an opportunity to begin a discussion about
the molecular understanding of heat.
Use the student concept guide concept 1:
heat in this packet and/or other materials and
activities to explore this concept.

TEACHER FACILITATION:
What happens with the molecules when your bottom slot coin is the hot
burrito?
What about when itʼs the chocolate bar?
What does that show about their temperatures?
TEACHER CLARIFICATION:
What makes a thermometer work?
Point out that specific liquids, like water and mercury, always expand the same
amount for a particular amount of heat. If you had a tube with water or mercury
sealed inside, and you heated it to a certain temperature, the liquid will always
rise to the same point. If you repeat this process and mark the heights at
different temperatures you have just created a thermometer!
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GAME 1: BUILD A BOT:
STUDENT CONCEPT GUIDE

CONCEPT 1: HEAT and THERMAL ENERGY
In order to understand heat
first you need to understand
that everything is made up of
little pieces of matter (called
molecules).
If you could see the molecules in all
the things around you, you would
see that they are always vibrating
or jiggling.
Because of that jiggling, or motion,
the molecules have what we call
“THERMAL ENERGY”.

Whether something is:

solid

like this spoon

liquid
like the soup in the spoon

gas
like the steam coming from the
soup

It is all made up of molecules that are
constantly moving!
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The spoon appears to be solid. However, all of its molecules are moving; you
just can’t see them moving.
If you were to ZOOM way in, you would see that what appears to be solid is
in fact teeming with billions and billions of lumps of matter.

solid: Molecules are bound
more tightly together.

,

liquid: (bonds form and
break and form and break)

gas: (no bonds, free agents)
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When matter, in any of its three states, (liquid, solid, gas) gets hot,
its molecules go faster and take up more space. And the solid, liquid or
gas expands.

When matter gets cold, its molecules go slower and take up less
space, and the solid, liquid or gas contracts.

This is how the mercury in your
build-a-bot thermometer is able
to measure how hot something is!
When a mercury thermometer touches
something, the heat is transferred from
the object it touches to the glass tube and
the mercury inside the tube. The mercury
atoms start vibrating faster and the
mercury liquid expands and moves up the
tube. The expanded liquid has nowhere to
go but up the tube.
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setting anchor points: Students will need to place coins in all
three slots to move forward in the simulation. They will need to set
numbers of their own design into the anchor points.

They will need to enter a number in the high and low
section of the anchors in the red arrow input section.
There will be a question mark present in the red input
until a number is entered.

] teacher facilitation:
Use the student concept guide concept 2: scale in this packet and/or other
materials and activities to explore this concept.
Discuss “Anchor points”. Point out that Anchor points are where the same
amount of heat is consistently reached.
Questions:
What electronic device that you own would make a bad anchor point? Why?
example: Your cell phone, because its temperature changes a lot depending on
how long it has been on, and whether itʼs been sitting in the sun or not.
What kinds of phenomena would make good anchor points? Why? (response
should be that the phenomena always have the same amount of temperature, or
average kinetic energy of the molecules of the object).
Could you measure the temperature of a volcano with the thermometer you use
to take your temperature when youʼre sick? Why or why not? (The temperature of
the volcano is above the boiling point of mercury; digital thermometer would melt
before it could register your temperature).
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in-game activity:

creating scale

Have students pick two anchor points for Nelson. Have them experiment with the
numbers they assign to each one.
What happens if the numbers are very far apart from each other?
How much “temperature” would be in one degree on their scale? A lot or a little?
Would having 1000 degrees between the temperatures of ice and melting
chocolate be helpful in real life?
Could you make the scale go in the opposite direction?
Could you give two different anchor points the same number? Why or why not?
How do the numbers we assign the anchor points help serve us in real-world
tasks like knowing if someone has a dangerously high fever, or knowing if you
need to wear a coat to go outside?

understanding scale part 2
Once they input a high and a low number the game will
generate a scale based on their choice.
Once numbers are assigned to both anchor points,
students can see how their scale measures the
temperature of various objects.
student question:
If you were to design your own thermometer, what would
you want it to be a good tool for?
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GAME 1: BUILD A BOT:
STUDENT CONCEPT GUIDE

CONCEPT 2: SCALE
With a

scale you can assign a number to a certain amount of something like:
weight

or

temperature

or

time

examples:
10 pounds always means a specific amount of weight, or heaviness
of an object.
23 inches always means a specific amount of length, or distance
5 seconds always indicates the same amount of time.

To

create your own scale, you just need two reliable

anchor points, and you need to

give each anchor point a

number.
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Back in the 1700s, many scientists created thermometers, but had to
find

reliable anchor points.

A reliable anchor point is where the same amount of

heat is consistently reached. For example, water always boils
at the same temperature1, and freezes at a different, yet consistent,
temperature; they used these as anchor points.
A HUMAN STORY
Daniel Gabriel Fahrenheit used his wife’s armpit and the freezing
point of a salt solution as his two anchor points; originally labeling
those 100 and 0. Today we consider body temperature to be 98.6
degrees, not 100 degrees, Daniel Fahrenheit’s tube needed a few
small refinements but he was pretty close.
THINK ABOUT IT!
What is the Fahrenheit scale designed well to measure?
If itʼs over 100, itʼs hot! If itʼs under 0, itʼs cold!
What kinds of activities is the Fahrenheit scale not so good for?

CHALLENGE Q!
What if you were to make a thermometer scale that would be easy
for someone to look at if they wanted to know how hot or cold it was
outside?
There are many solutions to this question. One solution is: The
highest anchor point on the thermometer would be the hottest it
ever gets outside. The lowest anchor point on the thermometer
would be the coldest it ever gets.

1

Well, almost always! If you go up high into the mountains, the difference in pressure will change the boiling point
of water slightly.
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STAGE 3 UNITS, CONVERSION AND OTHER SCALES
Once numbers are assigned to both anchor points, students can see
how their scale measures the temperature of various objects.

Once they have authored their own thermometer they can
compare it to the Celsius, Fahrenheit, and Kelvin scales
they can click to view their own scale alongside any of the three
standard temperature scales (C, F, K).

Teacher Facilitation for Understanding Units.
Once the students have created their own scale, in Robot degrees or °R, they
will notice clicking on °C, °F, or °K will bring up the degrees in that scale and
will show numbers different to theirs. This is because, although the same
word—“degree”— is used for all the scales, “degree” is a “unit” of
measurement, and stands for a different amount of heat depending on the
scale being used.
For example, one degree of Fahrenheit means less heat than one degree of
Celsius.
PREDICT! Compare how raising the temperature of a room by one degree
Celsius would be different than by one degree Fahrenheit?
If you raise the temperature of a room by 1 degree Celsius, it will be hotter
than if you were to raise the temperature of the same room by 1 degree
Fahrenheit.

PROMPT: Ask students to think about equivalent temperatures on different
scales, similar to translating a word from English to Spanish. Both “cat” and
“gato” refer to the same thing. “32 degrees F” and “0 degrees C” refer to the
same thing, too.
PROMPT: How does the Celsius scale give you a sense of heat in the world?
Celsius makes it easy to compare to familiar points: boiling water and freezing water.
PROMPT: How could you use the simulation to convert from Fahrenheit to
Celsius degrees? Set the anchor points to boiling water and freezing water and assign
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them the values 100 and 0, respectively. The R scale will be the same as the C scale
and the student can then display the “F” scale alongside it.

TEACHER GUIDE:
The Graph and Conversion Equation
Once students have selected two anchor points and assigned them numbers,
Clicking one of the standard scales causes more information to display on the screen.
1. The graph shows the conversion line (the linear relation) between the Robot
(student) scale and whichever standard scale the student has activated.
The GOAL is for students to understand that a GRAPH is a way we REPRESENT
INFORMATION, it is a tool we use to work with knowledge and information. Visual
representations help us see things in the information that are hard to notice
otherwise. For instance, in a graph the slope of the line tells us whether two events
are positively or negatively related, whether the relation is linear or not, and whether
there is a maximum point.
PROMPT: To help students see the relationship between the values of the anchor
points and the slope of the line, have them experiment with the anchor point values
and observe how the slope changes. Have them notice that the smaller the
denominator, the larger the slope. So the smaller the range of numbers between
their high and low anchor points, the bigger the slope of the conversion line will be.
2. Each time the student takes the temperature of a coin, it will be plotted on the
graph.
PROMPT: Have students predict where different objects will appear on the graph
before they take their temperatures.
3. The middle display shows the equation for converting from the studentʼs scale to
whichever standard scale student has activated. The equation is dynamically driven
by the studentʼs choices of anchor point numbers. This display is color-coded to help
students see the relation between the formula and their anchor points. The green
number corresponds to their high anchor point, the orange to their low anchor point.
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The values for each of these anchor points on the selected standard scale appear in
the numerator.
PROMPT: Ask the student to notice that the numerator and dominator of the
equation match the anchor numbers they have created and the corresponding
values on the standard scale they are viewing (C, F, K).
PROMPT: Ask students to figure out how the numbers in the equation are related to
the numbers on the thermometer.

LEARNING OBJECTIVE: DERIVE THE FORMULA FOR A LINE (LINEAR
EQUATION).
To guide students to understand that a linear equation is a way of expressing the
relationship between two variables, have them work in pairs in this extended activity.
NOTE: Ideally they engage in this activity BEFORE they click to view the conversion
between their own scale and the Celsius, Fahrenheit, and Kelvin scales.
Step 1.
Students form pairs but each student works at his or her own computer.
Step 2.
Both students in each pair select the same high and low anchor points.
Step 3.
In each pair, students assign ZERO to their low anchor point, and the SAME number
(any number they choose) to their high anchor points.
Step 4.
The students then take the temperature of several objects and compare the
temperatures of the objects on their respective scales. Have them observe the pattern
that student A temperature=student B temperature. Have students assign a one-letter
label to each of their scales that they will use in the following steps.
Step 5.
One student in each pair DOUBLES the value of the high anchor point.
Step 6.
The students then take the temperature of several objects and compare the
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temperatures of the objects on their respective scales.
Question: What could you do to the number on the left (of the chart) to get the number
on the right? Is there one rule that would work no matter what object you pick?
Have them observe the pattern that y=2x (or y=.5x, depending on whose scale is ʻyʼ).
The outcome of this step is that students realize that there is a single number that can
always be used to multiply student Aʼs scale temperature to get to the corresponding
temperature on student Bʼs scale.
Step 7.
Students each pick different values for the high anchor point. The pattern will still take
the form student A temperature=m * student B temperature. Have students figure out
what ʻmʼ will be now (again, taking temperatures of various objects).
Step 8.
Now have students reset the anchor values
-

both students in each pair set the high anchor point to the SAME number

-

One student sets the low anchor point to zero

-

The second student sets the low anchor point to -10.

-

Students re-take the temperature of several objects. Have them look for a
pattern in the pairs of object temperatures. The pattern now is that y = mx -10
(or y=mx + 10 depending on whose scale is ʻyʼ and whose is ʻxʼ).

Step 9.
The student whose low anchor point is -10 now changes it to -15. Again the pair of
students works to find the equation that expresses the relation between their two scales.
Step 10.
Students experiment with different values for all anchor points and find the formulas to
express them.
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STUDENT CONCEPT GUIDE: LINEAR EQUATIONS

Take a look at these graphs. What makes them different from one another?

A

B

C

D

A and B: The difference between A and B is the y-intercept—they are equally slanted,
or tilted, but they cross the vertical red line in different places. We call that vertical red
line the “y axis”, and we call the place where the line runs into the y axis the “y
intercept”.
A and C run into the vertical red line at the same point but they are clearly tilted
differently. This means they have different slopes.
A and D: The line shown in D is tilted differently AND has a different y-intercept than the
line shown in A.
These lines show us visually how two scales are related to each other; the
horizontal axis (x-axis) represents one scale, and the vertical axis (y-axis)
represents the second scale. When we do conversions, we use the y-axis for the
scale we want to convert to.
We can express all these lines with a simple equation. It looks like this:
y = mx + b
This equation helps us relate two things to each other. The “y” stands for one
thing, and the “x” stands for the other thing.
For example, we could relate how many hours a person exercises (x) to how
many calories they burn (y). Or we could relate how much money someone
earns (x) to how often they go out to eat (y).
In this equation
“m” is a number that tells us how much to tilt the line (its slope)
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“b” is a number that tells us where the line is going to run into the vertical
red line, the y-axis
To make the different lines shown in the graphs above, we will just use different
numbers for m and b.
Letʼs say you are working with the Celsius scale and need to convert to the
Fahrenheit scale. In this case we will use x to represent Celsius and y to
represent Fahrenheit.
Here is our equation:
y=mx+b

°F

212

100

°C

0

°C

y is degrees Fahrenheit
x is degrees Celsius
m is the slope (the “slanty-ness” of the line)
b is the intercept (where the line will run into the
y axis)
Letʼs find m first. We know that 100 Celsius degrees
equals 212 Fahrenheit degrees because they indicate
the SAME amount of heat, or temperature. We will call
them Pair One. We also know that 0 on the Celsius
scale is the same as 32 on the Fahrenheit scale. Letʼs
call them Pair Two.
Fahrenheit

Celsius

Pair One

212

100

Pair Two

32

0

°F

32

Using the formula for slope, you calculate the m:
m=

“Fahrenheit from Pair One” minus “Fahrenheit from Pair Two”
“Celsius from Pair One” minus “Celsius from Pair Two”

=

212-32
100-0

=

180
100

=

9
5

Now that youʼve found the m, youʼre equation is:
y=

9
x+b
5
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Next youʼll have to plug in F and C values into the equation and solve for b. Do
you know what F is for a certain C? Yes! You know that 212 F is the same amount
of heat as 100 degrees C. So you can use those and solve for b:
212 =

9
5

(100) + b

212 =

900
+b
5

212 =

180 + b

212 -180 = b
32 = b

So your final formula is
y=

9
x + 32
5

And your Fahrenheit-Celsius line looks like this:

UNDERSTANDING SCIENCE! If this line were provided to you, how would you use
it to quickly convert from Celsius to Fahrenheit? What is 0°C converted to
Fahrenheit? What is 10°C converted to Fahrenheit?
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Challenge round: how would the equation change if you wanted to
convert from Fahrenheit TO Celsius degrees?
m=

“Celsius from Pair One” minus “Celsius from Pair Two”
“Fahrenheit from Pair One” minus “Fahrenheit from Pair Two”

100 =

5
9

=

100-0
212-32

=

100
=
180

(212) + b

b = - 17.8
y=

5
x - 17.8
9

Challenge: At what temperature are Fahrenheit and Celsius equal to each
other?(hint that would mean that y=x)
y = 9/5*y+32
5/5*y-9/5*y

=

32

-4/5*y

=

32

4/5*y

=

-32

4*y

=

-160

y

=

-40
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sample teacher-student dialogue:
anchor points, degrees and tic marks
Teacher: Let’s say we have a thermometer with no numbers on it at all, what do you think will
happen if we stick it in a hot burrito?
Student: It will go up.
Teacher: Why will it go up?
Student: I don’t know. Oh! Because it’s hot?
Teacher: Right, the level of the thermometer will rise. Now let’s say you let the burrito sit there
for a while, what will happen to the thermometer?
Student: It will go down because it’s cooler.
Teacher: Great, so the level of the thermometer depends on the temperature of the thing you’re
measuring. What if you wanted to compare 2 burritos to see which is hotter, using the
thermometer without numbers?
Student: It has to have numbers to know how hot it got for the first and second burrito.
Teacher: Do you really need numbers?
Student: Well, you can look at the thermometer without numbers and know which is hotter by
how high it went. You could put marks on the thermometer to show how high it got for
each burrito.
Teacher: Great! Now let’s say someone wanted to know exactly how hot each burrito is?
Student: Well, I guess then you do need numbers on it.
Note: Teacher should facilitate students to recognize the value of attributing numbers to
certain levels on the thermometer.
How to label the tic marks??
Teacher: You are creating your own scale by choosing your own anchor points and giving them
your own numbers. What numbers are you going to pick?
Student: 70 up here and 2 down here.
Teacher: Ok, how many tic marks do you want in between them?
Student: 5
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Teacher: Ok, go ahead and draw those in on your thermometer. Now, what
numbers are you going to put on the tic marks?

A

70

B

2

Student: I don’t know.
Teacher: Well, could one of those tic marks be 1000?
Student: No.
Teacher: Why not?
Student: Because that’s above 70.
Teacher: Ok, how about 0?
Student: No, that’s below 2.
Teacher: What do we know then about the numbers that will be on the tic marks?
Student: They need to be between 70 and 2.
Teacher: Exactly. Now I noticed that you made your tick marks equally far apart from each
other. Why did you do that?
Student: Because it’s easy to read?
Teacher: Would there be different amounts of degrees between each line?
Student: No, the same amount.
Teacher: Right, that makes sense. Take a look at how many “steps” there are from your low
anchor point up to your high anchor point.
Student: 6
Teacher: Yes, there’s one step to go from 2 to the first tick mark, a second step to the second tic
mark, and so on. The sixth step brings you to your high anchor point.
Would you label the lowest tick mark “50”?
Student: No.
Teacher: Why not?
Student: Because it’s closer to 70, up here.
Teacher: Right. Each step needs to have the same number of degrees in it. How many degrees
are there all together between your anchor points?
Student: 70?
Teacher: Why?
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Student: Because it’s 70 degrees.
Teacher: Well what’s that 2 down there?

A

70

Student: Oh yea yea yea you gotta subtract 2 from 70.
Teacher: Ok so let’s write that down. How many
degrees are in the space between your anchor points?
Student: So 68, 70 minus 2.
Teacher: Great, 68 degrees. And so now we need to
figure out how to make six equal steps across those 68
degrees. How could you figure that out?

68
B

2

68/6

Student: Like 1/6th of the 68?
Teacher: How do you get 1/6th of 68? What can you do
mathematically?
Student: Multiply.
Teacher: By what?
Student: 1/6

Teacher: How else can you say that?
Student: 68 by 1/6, but how do I multiply this one
number with these two numbers?
Teacher: Multiplying by 1/6 is the same as dividing
by 6, so just divide 68 by 6.

A

58.666
47.333

Student: 68 into 6 pieces? so divided by 6?
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Teacher: Yes, what’d you get?

24.666

Student: 11 point something something (11.333)
Teacher: Ok, so what number are you going to put
next to the 1st tic mark?

70

13.333

B

2

Student: The first one would be 2 plus that.
Teacher: Excellent, and that equals?
Student: 13.333
Teacher: It goes right there next to your tic mark,
how do you figure out the next tic mark?
Student: Add the same thing again?
27

Teacher: Ok do that, how about the next one?
Student: Add it again. How do I get rid of the 0.333?
Teacher: Well, where did those 0.333’s come up?
Student: When I divided 68 by 6.
Teacher: So that must be the key to getting rid of the decimals. There are two numbers there: 68
and 6. You can either change the number of degrees that you divide by 6 steps, or change the
number of steps that you are cutting the 68 degrees into.
Student: Ok, so I just find something new to divide it by, and it’ll work every time?
Teacher: Yes.

ADVANCED: DERIVING THE FORMULA FOR THE TIC MARKS
The formula for the number of degrees between tick marks is:
(High anchor – Low anchor) / Number of steps
OR
(High anchor – low anchor) / (number of tics between anchors + 1)

And the label for EACH tic mark, with the first tick mark being the one directly above the
low anchor point, is determined by:
Low anchor + (tick mark number) * (High anchor – Low anchor) / Number of steps

See visual procedure handout on following page

28

A

Hi

Lo

5

2

70

Lo

2

70

= 58.666

#5

= 47.333

#4

= 36.000

#3

5
Hi

Lo

2

4

70

Lo

2

5
Hi

Lo

2

3

70

Lo

2

Lo

2

= 24.666

#2

Lo

2

= 13.333

#1

5
Hi

Lo

2

2

70

5
Hi

Lo

2

1
tic mark #

70

5
total # tic
marks

B

2
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