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Kinetic Energy and Energy Transfer: An Eighth Grade General Science Unit
Application in the Classroom:
Project Title: Can You Handle the Heat?
Intended Audience:
Grade Level: This unit is intended for approximately fifty, eighth grade students (2
sections).
Population Characteristics: The eighth grade classes, at the John D. Runkle School in
Brookline, Massachusetts, are heterogeneously mixed and incorporate all learning levels
and learning styles. Typically the classes have an equal number of males and females.
The second class of eighth graders, during the last period of the day, has a greater
population of students who are on individualized education plans (IEPs).
Lesson Groupings: During this unit, students will be working in a variety of groupings,
some days individually while other days groups of two, three, or four will be
recommended. Students will have the liberty to choose partners in the later part of the
unit, but initially the teacher will choose groups (since this unit is designed to promote
communication and team building).
Standards:
The following Massachusetts state standards in Science and Technology/Engineering will
be covered during this unit:
1. Recognize that the measurement of volume and mass requires the understanding
of the sensitivity of measurement tools (e.g. rulers, graduated cylinders, balances)
and knowledge and appropriate use of significant figures.
2. Differentiate between potential and kinetic energy. Identify situations where
kinetic energy is transformed into potential energy and vice versa.
3. Recognize that heat is a form of energy and that temperature change results from
adding or taking away heat from a system.
4. Explain the effect of heat on particle motion through a description of what
happens to particles during a change in phase.

5. Give examples of how heat moves in predictable ways, moving from warmer
objects to cooler ones until they reach equilibrium.
http://www.doe.mass.edu/frameworks/scitech/2001/standards/es6_8.html
Nationally Validated, Standards-Based Curriculum:
Full Option Science System (FOSS): Chemical Interactions Course, Kinetic Energy and
Heat Transfer. Delta Education, 2001: 143-172.
Unit Length:
This unit is intended for a minimum of two weeks which will consist of ten, 45-minute
classes for two sections of eighth grade students.
Topic:
This unit involves kinetic energy and energy transfers. Students will utilize a variety of
different techniques to demonstrate an understanding of kinetic energy and heat transfer
through inquiry-based laboratory work and group problem-solving.
Curriculum Links:
This unit will be used to link previous Physical Science units including topics such as:
forces, motion, work, power, simple machines, and chemical and physical properties (all
units taught prior to this unit). This unit will also be essential for later Physical Science
units on phase changes and the elements. The eighth grade curriculum in Massachusetts
includes Elements, Compounds, and Mixtures, thus, it is essential to link this Physical
Science unit to Chemistry and our discussion of the periodic table of elements. Students
will also use this unit in relationship to gas laws. Students will need to have a thorough
understanding of what a gas is and how they work in order to understand the
fundamentals of heat and heat transfer.

Activity One: Building a Thermometer (2 Sessions)
Description:
The purpose of this activity is to build an instrument that can be used to measure the
temperature of water. In this activity, students will construct a soda bottle thermometer
to demonstrate the principle that most substances expand and contract as their
temperature changes. This experiment also demonstrates the principle of heat transfer.
This activity is essential for students to begin this unit with because it provides a method
for reading thermometers as well as giving the students an introduction to energy transfer.
Students will be required to use the information learned from this activity in other
activities in this unit.
http://www.wright.edu/geology/K12/therm.htm
Science Content:


Substances expand and contract as they are heated and cooled

Integrated Subjects:


Math
o Extend, represent, analyze, and generalize a variety of patterns with tables,
graphs, words, and, when possible, symbolic expressions. Include
arithmetic and geometric progressions, e.g., compounding.
o Evaluate simple algebraic expressions for given variable values, e.g., 3a2 b for a = 3 and b = 7.
o Explain and analyze-both quantitatively and qualitatively, using pictures,
graphs, charts, or equations-how a change in one variable results in a
change in another variable in functional relationships.

Source: http://www.doe.mass.edu/frameworks/math/2000/pat7.html


Computer
o Describe structure and function of spreadsheet (e.g., cells, rows, columns,
formulas) and apply formatting features.
o Create an original spreadsheet, entering simple formulas.
o Produce simple charts from spreadsheet.

Source: http://www.doe.mass.edu/frameworks/current.html#ela_sup
Process Skills:


Modeling (Day 1): Construction of a thermometer that demonstrates both
expansion and contraction.




Experimenting (Day 2): Performing an experiment based on contraction and
expansion of water.
Graphing (Day 3): Graphing class and student data of hot water experiment on
one axes to show some general pattern.

Scientific Habits of Mind:





Open-minded, willing to change your mind in the face of reliable evidence, and
respect another’s point of view.
Look at a matter from many sides before drawing a conclusion. Do not jump to
conclusions or decide on the basis of one observation; deliberate and examine
until you are as sure as you can be
Be skeptical of arguments based on very small samples of data, or sample for
which there are no control samples.

Activity One Materials (per group of students):













Ice
Water
One-liter plastic soda bottle
Clear or white plastic drinking straw
Modeling clay (a one-pound block of modeling clay should be enough for 25-30
thermometers)
Two 2-liter plastic soda bottles (tops of bottles need to be cut off)
Scissors or knife to cut off tops of 2-liter plastic soda bottle
Food coloring (yellow does not work as well as red, blue, or green)
Watch or clock with a second hand
A metric ruler
A marker, grease pencil, or pen to mark the side of the straw
4 Building a Thermometer Activity Sheet

Session Length:
Three 45-minute class periods.
Scope and Sequence:
TIME
Day 1:
Prep






PROCEDURE
Assemble materials for student use.
Review Conduction, Convection, and Radiation (methods of heat transfer).
This will be a good review for students because we talked about this
material during our Geology unit when we talked about convection currents
in the mantle and the process of conduction in terms of collisions of tectonic
plates.
A week before, have students bring in 1-liter or 2-liter plastic soda bottles

Day 1:
5 mins








Day 1:
10 mins










Day 1:
15 mins










When students walk into the class, have students sit in assigned seats (this is
where they will sit for the remainder of this activity—3 days).
Students will be working in groups of three-four for this activity.
Discuss group roles and have the roles posted for this activity.
Assembler = gathers materials and assembles the thermometer
Timer/Reporter = keeps track of the two minute intervals when the
experiment starts – makes marks on the straw showing how much the water
has moved – reports to the class the results of the experiment
Recorder = records the measurements that the timer has made – also
transfers the group’s measurements on to the data sheets
Working in groups, have students discuss question on the board: “Last year
we talked about heat transfer as it relates to different Earth processes. In
your group discuss what is meant by the terms convection and conduction.
How does conduction and convection relate to heat transfer?”
Students might need to be reminded of certain Earth processes, such as plate
collision and plate movement caused by convection currents in the mantle.
Student responses should include:
Conduction = when energy is transferred from one molecule to the next by
direct contact
Convection = large-scale movement of a liquid or a gas which acts to
redistribute heat throughout and entire volume.
We will briefly discuss convection currents seen in homes—when hot air
rises and cold air sinks as it comes out of a radiator/heater—and convection
currents seen in the mantle—hot and cold magma forming currents causing
the plates to move
As a class, we will discuss what it means for material to expand or contract
and real world applications of expansion and contraction.
Students will be shown the materials and be asked: “Is it possible to build a
thermometer based on the materials that I have in front of me right now?”
Before given the activity sheet, students will be given the materials they
need in order to build the thermometer. In groups, the students will discuss
possible ways to build a thermometer given the materials that they have.
Students will analyze the material and write down possible ways they can
construct this thermometer.
Students may need to label and describe how a thermometer works before
beginning the above activity (won’t be able to construct if they don’t know
how a thermometer works).
During this time, I will circulate around the classroom to see the ideas the
students are coming up with and have students explain to me what their
diagram is showing. Remind students to use entire sheet.
Students will have to discuss different reasons why they are putting together
the thermometer this way. This will allow students to explore different
methods and maybe could decipher a new way that will make a
thermometer work. Students will also be able to listen to others and have to
agree upon a method.


Day 1:
10 mins








Day 1:
5 mins







Day 2:
Prep




Day 2:
5 mins






Day 2:
15 mins






Students will want to write out there methods on large paper with a diagram
so that they can display for other students to see.
As an entire class, groups will present their ideas to the rest of the class so
that we can come up with a procedure that will properly construct a
functional thermometer. The reporter from each group will discuss their
procedure. At the end of each report, students from other groups will be
able to ask questions about other groups’ procedures.
Ask Students: How does a thermometer work? What is in a thermometer
Some students might respond by saying expansion/contraction but not be
able to explain the concept thoroughly. Students might also say that
MERCURY is in the thermometer. This needs to be corrected to let
students know that they are going to be dealing with thermometers with
alcohol.
Students should be guided in this discussion so that the class comes up with
a procedure that resembles that found on the Building a Thermometer
Activity Sheets.
Summary/Wrap-Up: Have students take a look at the actual procedure
found on Building a Thermometer Activity Sheet.
Groups will compare their procedures to the actual procedure to see if any
changes can be made.
Based on the actual procedure and the design that each group constructed,
ask students if their plan would actually work. Ask students: Does your
thermometer function like an actual thermometer? Explain.
Homework: Students should read over the Building a Thermometer
Activity Sheet and understand the procedure that they will undergo to build
the thermometer. Have students write down any questions they have about
the procedure, if any.
See Day 1 Preparations
Prepare hot tap water in advance/Review the use of hotplates so that
students can heat their hot water when needed.
Briefly go over the procedure and any questions students may have from
last night.
Explain the importance of taking/recording accurate and precise data.
Additionally, review the difference between observations and conclusions.
Students should be reminded that an observation does not explain “why”
something happened. Observations are experiences made using the senses
(mostly visual observations for this experiment).
Students also need to be reminded that they should not round any
measurements using a ruler.
Brief reminder of hotplate usage and safety rules.
In groups, students will aid the assembler in constructing their own
thermometers. The assembler will obtain the materials and instruct his/her
group on what needs to be done. The assembler needs to be sure that he is
working with the group in terms of constructing the thermometer.
Towards the end of the construction period, students should be cognizant of

Day 2:
5 mins








Day 2:
15 mins







Day 2:
5 mins








Day 3:
Prep




Day 3:
5 mins





time and begin heating up their water for data collection.
Providing Pointers: During the course of the experiment, there are some
trouble spots that students should be aware of to collect the most accurate
data as possible.
The seal with the modeling clay could have cracks in it, allowing some
water to escape. THIS IS EXTREMELY IMPORTANT!
If the 1-liter water bottle is not filled to the top, it takes a longer time for the
water to move up the straw. Water may not move up straw at all.
Need to be sure that there is a great enough difference in temperature
between the water in the 1-liter bottle and the 2-liter bottle. 25 degree
Celsius difference is optimal.
MAKE SURE THAT BEGINNING LEVEL IN THE STRAW IS
MARKED! This needs to be done before the hot water is added.
Experimentation: In their groups of three, students will begin collecting
their data and record their results on the Team Data Sheet found on the
Building a Thermometer Activity Sheet. The groups will need to collect ten
minutes worth of data, recording every 2-minute interval.
Students should work on the questions in the lab sheets with their groups to
help promote thought on the ideas of expansion and contraction.
“What happens if the water level in the straw exceeds the top of the straw?”
Students may experience the above problem but they need to figure out a
strategy to prevent this. Ask students: “If the water level exceeds the top of
the straw, are you obtaining the appropriate data for the class?”
Summary/Wrap-Up: Have recorders report their data to the Class Data
Sheet found on the overhead projector. Students should copy this class data
down for their groups so that they are prepared to work on graphing trends
tomorrow.
Brief Discussion: Ask the students the following questions before they
leave:
What trends did you notice during the course of the experiment?
What did you notice to the water level inside the straw when in the hot
water? In the cold water?
Why do you think these changes happen?
Homework: Students should finish the lab questions up until question
eight of the Building a Thermometer Activity Sheet.
The computer lab needs to be signed out prior to this day so that graphs can
be done on the computer. At this point in the year, students should be able
to create computerized versions of their graphs, both bar and line.
Copies of the steps to create a computerized graph need to be made to help
students remember how to create a graph using Microsoft Excel.
Give students a few minutes to consult with each other to discuss the
questions that they did last night for homework. They should use this
opportunity to ask questions to each other so that they can understand the
concepts that were presented in the lab.
Based on the lab that they conducted yesterday, ask students, “Where did



Day 3:
5 mins







Day 3:
20 mins











you observe expansion? Where did you observe contraction?
Student responses should be geared to the lab. However, some students
may ask for other examples of expansion and contraction. Students should
be able to cite other examples of these topics including the use of a
thermostat or how the gas in your tires expand and contract based on if the
car is moving or not.
As a group, students should then look at the class data on the overhead.
Give any groups that did not have a chance to put their data in from the
previous day a chance to do so. Once each group has all the data in the
class data sheet, students should take a couple of minutes to copy the chart
for use in the graphs they will construct.
Possible Questions from Students: “Why is one group’s data so different
than mine?” Students should see that not everyone’s data will be exactly
the same. It is important at this point to discuss sources of error in
experiments and outlying data. Ask students: “What should we do with
data that does not really fit in with the rest?” Students should understand
that outlying data could skew class results and trends. As a result they
should be able to determine whether or not to throw out the data.
In their groups, students should determine the average movement of water
for each two-minute time interval. During the graphing process, students
will need to graph both their data and the class’ data (using the average
value) to compare. Both lines will be graphed on the same axes.
Students will go to the computer lab where they will each have to make
their own graphs. The computer/technology teacher will be present for any
technical problems that they might have.
During this time, students will need to open Microsoft Excel. The students
will first need to make a spreadsheet of their data and the class data. They
should have their sheet that shows step-by-step how to set up the graph.
Group members should help others in their group if they are having
difficulties.
Note: In the past, students sometimes give up readily when doing
computerized graphs because they cannot get them to look like they are
supposed to (often because they do not follow the steps on the sheet). As a
result, I tell students that the only questions they can ask me are questions
that are not on the sheet. If I can point to the sheet and say that they can
find the answer on the sheet, I tend to take off a couple of points from their
lab. This teaches the students to be very meticulous and to take their time.
They are, however, allowed to ask each other for help.
Graphing: Student will graph their group data and the average class data
on the same graph. The x-axis should be labeled time (in minutes) and the
y-axis is there measurements recorded in the lab (in millimeters). Axes
need to be labeled and a meaningful title should be applied to their graphs.
Ask students what is meant by a meaningful graph.
Some students will put titles on the graph that do not really pertain to the
lab. Thus, tell them the importance of having a title that explains what the
graph is showing. (Can be given as homework if computer lab is not

Day 3:
10 mins












Day 3:
5 mins










available).
Upon completion of the graphs, students will print out their own graphs and
compare to others in their group. All graphs should be the same at this
point. In case of any discrepancies, students should use this time to fix any
mistakes and discuss errors in their graphs.
As a group, students should begin to discuss any conclusions they can make
based on the graphs they have made. During this time, students should
answer the following questions:
How is the graph of your measurements different from the graph of the
class average?
Explain the graph. What story does your graph tell? Can you draw
any conclusions?
Why might it be important to have more than one trial when you are
drawing conclusions?
Answers to the questions should be directed towards heat transfer from hot
to cold and expansion and contraction when there is a change in
temperature.
As a class, groups will present what they have found. We will talk about
the questions that they did in their groups. We also need to examine any
sources of error that have occurred in this lab. Students will be asked, “If
we could do this lab again, what can we do to minimize any sources of
error?”
Summary/Wrap-Up: Explain the importance of this lab because students
will be responsible for understanding the use of a thermometer in then next
couple of activities. It is essential for students to understand the concept of
heat transfer and expansion and contraction.
Further Investigations (time permitting):
Use a standard thermometer to measure the temperature of the water in the
inside of the soda-bottle thermometer and compare it to the temperature of
the water outside the thermometer. Does the amount of water movement in
the straw change when there are different temperatures? Perform an
experiment, keep records, and present your findings to the class.
Does the size of the thermometer affect the way the thermometer works?
Design an experiment that tests this concept, do the experiment, and make a
chart showing your results.
Make a thermometer using different diameters of straws and see if there are
any differences. What do you think might have caused any differences you
see? Would this have an effect on the construction of real thermometers?

ASSESSMENT
Method
Observe during
experimentation
and during group
investigation

Novice
Unable to conclude
that heating and
cooling cause
expansion and
contraction.

Competent
Concludes that
expansion is due to
heating and
contraction is due
to cooling of
particles.

Process Skill:
Modeling:
Constructing a
Thermometer that
shows expansion
and contraction

Observe to see if
students are able to
construct a
thermometer

Does not construct
a thermometer that
resembles the
thermometer in the
procedure.
Thermometer does
not function at all.

Constructs a
thermometer that
resembles the
thermometer
modeled in the
procedure.
Thermometer
functions properly.

Process Skill:
Experimenting:
Performing
experiment based
on contraction and
expansion of
water.

Homework (Based
on Activity sheet
received in class)

Completes the
questions but does
not show evidence
based on data in
their answers.

Answers the lab
questions with
supporting
evidence from
data.

Process Skill:
Graphing:
Graphing class and
student data of hot
water
experimentation on
same axes

Look at
computerized
versions of graphs

Graph is generated
but is not labeled
correctly. Graph
does not reflect
data.

Graph is mostly
accurate (few
errors). The graph
shows a
relationship
between variables
and has most of
the correct labels.

Habit of Mind:
Be skeptical of
arguments based
on very small
samples of data, or
sample for which
there are no
control samples.

Observe during
classroom and
group discussions.

Accepts that one
set of data is
accurate enough to
draw sufficient
conclusions.

Realizes that
multiple trials are
needed to draw
accurate
conclusions.

Concept:
Substances expand
and contract as
they are heated and
cooled

Expert
Concludes that
expansion and
contraction relate
to heating and
cooling of
particles. Explains
expansion and
contraction in
terms of particle
movement and
kinetic energy.
Constructs a
functional
thermometer that
models the
thermometer laid
out in the
procedure and was
adapted to test
other variables.
Completes the
questions
accompanying lab.
Provides
thoughtful
explanations which
are supported by
data.
Graph is clear and
organized. Data is
represented
correctly.
Relationship
between variables
is accurate. A
clear trend is
present
Realizes that
multiple trials are
needed to draw
accurate
conclusions.
Proposes to
conduct multiple
trials and suggests
other factors that

could change data
and consequently
their conclusions.

Name: _____________________________________ Date: _______________________
Building a Thermometer Activity Sheet
Purpose: To help you understand how and why a liquid-in-glass thermometer works.
Overview:
The soft drink bottle thermometer that you construct in this activity is similar to the
thermometer you use in the GLOBE Instrument Shelter. However, there are differences.
Both use liquids, but the liquids are different. Do you know what liquid is in the standard
GLOBE thermometer? Also, the thermometer you will make has no degree markings. But
the principles of operation are the same for both types of thermometers.
The thermometer you use for measurements and the instruments you will build are both
based on the principle that substances expand and contract as their temperature changes.
This lab also demonstrates the principle of heat transfer. When a warm object is placed
against a cold object heat is transferred from the warm object to the cold object by
conduction. For example, in the winter if you place your bare hand on the fender of an
automobile, your hand transfers heat to the metal by conduction.
Usually when you work in a job, you are part of a team. In this activity you will also be
part of a team. Here are your job descriptions:
Student 1 – assembler - gathers materials and assembles the thermometer
Student 2 – timer/reporter - uses clock or watch to keep track of 2-minute intervals when
the experiment starts - makes marks on the straw showing how much the water has
moved measures the straw at the end of the experiment and tells recorder the
measurements - reports to the class the results of the experiment
Student 3 – recorder - records the measurements that the timer has made - also transfers
the group’s measurements onto the class chart
Materials and Tools (per group of students):
 Ice
 Water
 One liter plastic soda bottle
 Clear or white plastic drinking straw
 Modeling clay (a ball about 25 mm in diameter)
 Scissors or knife to cut the top off the two liter plastic bottle



2 two-liter plastic soda bottles - the top of the bottle needs to be cut off so that it is
used as a container to hold water and the 1 liter plastic soda bottle
 Food coloring (yellow doesn’t work as well as red, blue, and green)
 Watch or clock with second hand
 Metric ruler
 Marker, grease pencil, or pen to make marks on the side of the straw
Building the Thermometer:
1. Fill the one liter soft drink bottle to the very top of the lip with cold tap water.
2. Add four drops of food coloring – this helps make the water line easier to see.
Blue, green, or red work best.
3. Roll some modeling clay into a small ball about 25 mm in diameter. Then roll it
out so that it forms a cylinder about the length and diameter of a pencil. Flatten
the pencil-shaped clay into a thick ribbon. Wrap the ribbon around the midpoint
of the straw.
4. Place the straw into the bottle and use the clay to seal off the bottle. In doing this,
be careful not to pinch the straw closed. You also do not want any holes or cracks
in the clay that would allow water to escape. One half of the straw will be inside
the bottle and one half will be outside the bottle. Press the clay plug into the neck
of the bottle far enough to force the water level up into the straw so that it can be
seen.
Experiment:
1. Place the filled one liter bottle (the soft drink bottle thermometer) into the empty
two- liter plastic bottle container. Place a mark on the straw where you see the
water line.
2. Fill the two-liter container with hot tap water. Wait two minutes. Mark the straw
at the water line. Repeat this marking every two minutes, for ten minutes. At the
end of ten minutes use a ruler to measure the distance of each mark from the
original watermark at the bottom of the straw. Record your measurements in
millimeters under “hot water” in the table below.
Team Data Sheet:
Time
2 Minutes
4 Minutes
6 Minutes
8 Minutes
10 Minutes

Hot Water

Cold Water

Watch closely for any changes. Do you see any? Describe what you observe.
________________________________________________________________________
________________________________________________________________________
3. Put ice and cold water into the second two-liter container.
4. Place the thermometer bottle into the ice water. Record your observations in
millimeters under “cold water” in the table above.
5.

What happens to the water level in the straw when the thermometer is placed in
hot water?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
_________

What happens to the water level in the straw when the thermometer is placed in cold
water?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
6. Explain why you think these changes happen.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
7. What are two other things (variables) that, if changed, might cause this experiment
to work differently?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
8. Graph the measurements that you recorded in your team data sheet at step number
2. The x-axis (horizontal) should be the time (in minutes) and the y-axis (vertical)
should be your measurements (in millimeters) from the original line before the hot
water was added. Be sure to give your graph a title and to label the axes of the graph
so that someone else could understand it.
9. Record your data on the Class Data Sheet on the board or as your teacher instructs.
Combine your data with that of your classmates to find the average movement of
water for each two-minute time period.
10. Add the average figures for the movement of water to your own graph. Be sure to
label this new line. How is the graph of your measurements different from the graph
of the class average?

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
11. Explain the graph. What story does your graph tell? Can you draw any
conclusions?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
12. Why might it be important to have more than one trial when you are drawing
conclusions?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Activity Two: Mixing Hot and Cold (3 Sessions)
Description:
During this activity students will be introduced to the idea of heat transfer. Students, to
this date, have already been introduced to energy transfer in terms of kinetic, potential,
and thermal energy. Thus, students should already have an understanding of
conservation of energy (i.e. energy cannot be created nor destroyed, but can be
transferred into other forms) which they can apply to the concepts introduced in this unit.
In this activity students will mix hot water with cold water and predict what the final
temperature of the mixture will be. Students will then determine an equation for finding
the final temperature of a mixture based on the information they collected in the lab.
Students will also need to review proper laboratory techniques such as proper use of
graduated cylinders, reading from the bottom of the meniscus, using pipettes, and use of
thermometers.
Science Content:



Mixing water of two temperatures results in water of an intermediate temperature.
Substances “heat up” or “cool down” as a result of energy transfer

Process Skills:




Predicting (Day 1): Predicts what happens when hot and cold water are mixed
together in one cup.
Measuring (Day 2): Measures equal volumes of water using a graduated and
measures temperature using a thermometer.
Interpreting Data (Day 3): Interprets expansion of water graphs of both the class
and group results and is able to draw conclusions based on that interpretation.

Scientific Habits of Mind:




Open-minded, willing to change your mind in the face of reliable evidence, and
respect another’s point of view.
Know that hypotheses are valuable, even if they turn out not to be true, if they
lead to fruitful investigations.
Offer reasons for findings and consider reasons suggested by others.

Activity Two Materials for Class:








Hot water, 60C
Cold water, 5C
2 Cup, insulated foam
Overhead Projector
Transparency no. 12 called Mixing Water Results
Hotplates

Activity Two Materials for Each Group (4 per group):








3 Cups, insulated foam, 177-mL
1 Cup, plastic, clear, 500-mL
2 Graduated Cylinders, 50-mL
2 Bulb Pipettes
2 Glass Thermometers
4 Mixing Water Lab Worksheets
1 Hotplate (if necessary)

Session Length:
Three 45-minute class periods
Scope and Sequence:
TIME

Day 1:
Prep




Day 1:
10 mins

1.
2.
3.

4.
5.

PROCEDURE
Prepare hot and cold water: Need to prepare two water batches close to
50C and 10C (Students should not have any ice in the samples of cold
water during experiment)
Preview the student equipment: Show students how to use bulb pipette to
adjust volume of water to exactly 50 mL.
Plan assessment: While conducting activity, visit students, looking to see
if they are measuring volume carefully, taking accurate temperature
readings, and recording their results accurately and efficiently
Review of Kinetic Energy in groups. Provide the following questions
below on a piece of chart paper.
Remind students of when we worked on the roller coaster project. Ask
students, “What is Kinetic Energy?”
Based on our work with gas laws and properties of gases, ask students,
“What happens to a volume of gas when it is heated up? When it cooled
down?” Students should recall that as the temperature increased, the gas
expanded causing an increase in volume. Similarly, as the temperature
decreased, the gas contracted causing the volume to decrease.
Discuss the above questions as a class.
Then, ask students, “What happens at the particle level to cause expansion
and contraction?” Students should provide a picture diagram as well as a

Day 1:
5 mins

Day 1:
5 mins

Day 1:
5 mins
Day 1:
5 mins

Day 1:
10 mins

written explanation to show their understanding.
6. Students will work in their group for approximately 3-4 minutes to come up
with a coherent answer to the above question, then, call on groups to share.
There will be one spokesperson per group. Write complete answer on chart
paper.
7. Possible student responses are: When matter gets hot, the particles of the
matter gain kinetic energy, kinetic energy is energy of motion, increased
kinetic energy pushes particles farther apart, increased distance between
particles causes the sample of matter to expand, and contraction occurs
when particles lose kinetic energy, resulting in less distance between
particles.
 To demonstrate the above questions, have a group of students form a circle
joining their arms while another group of students gets in the middle. Tell
the middle students to walk around and observe what happens.
 Students should see that people collide against walls of container as well as
other students (particles of gas)
 Then, tell students to act like they would if they drank 5 Red Bulls or 5 cups
of coffee (demonstrating adding energy).
 Students should then see the effects of speeding up particles and increasing
the kinetic energy of a substance.
 Introduce the Water Mixing Question: Holding up two cups of water, one
hot and one cold, ask students: “If I mix equal volumes of hot and cold
water, what will the resulting temperature be?”
 Have students confirm that both cups contain a different temperature of
water by walking around to the different groups.
 “Can you predict the final temperature of the mixture accurately?”
 Hand students Mixing Water Worksheet. One student will be asked to read
the question that we will explore during this lab.
 Working in groups of 4, students will read over the question and be asked to
record a prediction for the temperature of the water mixture and to write
their reasoning for their prediction.
 Ask the spokesperson of each group to give their predictions of the mixture
with their brief reasoning. Students will first just offer the prediction before
any reasoning to prevent students from changing their initial predictions.
The predictions will be recorded on the overhead for all students to see and
to refer back to during the actual lab. DO NOT OFFER THE ACTUAL
RESULTS.
 Common Predictions: 60C (additive model, the final temperature will
equal the sum of the starting temperatures), 40C (subtractive model, the
final temperature will be equal to the difference between the high and low
initial temperatures), 30C (average model), between 50C and 10C
(random prediction based on mixing liquids of different temperatures).
 Tell students that their next task is to devise a plan/procedure, in groups, to
test their predictions. Remind students that they need to be specific in their
write-ups and that they want to conduct an experiment that is both as




Day 1:
5 mins









Day 2:
Prep
Day 2:
5 mins



Day 2:
10 mins













precise and accurate as possible.
Show students the materials available to them to use in this experiment.
Students should write their procedures on a plain piece of computer paper.
They should accompany their procedure with a sketch of the setup. Remind
students that the sketch DOES NOT mean they have to provide a drawing
for each step (just an overall diagram).
Summary/Wrap-Up: Groups will be called upon to offer their ideas about
the procedure for this lab. The students will be asked why it is important to
carry out these procedures as they are offered. Ideas for the procedure will
be written up on the board. Students should be probed until they obtain a
procedure that is similar as follows:
Measure equal volumes of hot and cold water.
Measure the temperature of the hot and cold water before mixing. This
can be done right in the graduated cylinder.
Pour the hot and cold water into a foam cup. The foam cup can be put
into the large, clear cup for stability.
Measure the resulting temperature.
Homework: Based on the final procedure that we came up with as a class,
have students write the refined procedure in the space provided on the
Mixing Water worksheet/piece of paper folded in half. Have students read
over their procedure a couple of times so that they are ready to conduct the
experiment when they enter the class tomorrow.
See Day 1 Preparations
Review what students did for homework last night and discuss briefly the
steps that students are going to conduct today as a group. Be sure that all
students are on the same page in terms of procedure. Go around and check
to see that all students have completed homework and check off. Allow
students to meet with their groups for a couple of minutes to discuss the lab.
Providing Pointers: Before the students start, offer students some helpful
hints:
Use two foam cups to get hot and cold water
Use pipette to get water in the two graduated cylinders. It is important
to tell students not to use the pipette to fill the entire 50 mL. Instead
students should use the pipette to get as close to 50 mL as possible.
Additionally, students should be reminded how to read from the bottom of
the meniscus at eye level to obtain accurate measurements. Give
demonstration.
Mix the waters in the third foam cup. Put the foam cup in the large clear
cup for stability.
Measure the temperature of the mixture as soon as the alcohol in the
thermometer stops moving.
Remind students to make any observations throughout the course of
the experiment.
Discuss recording their data. Students should be aware of the data table
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on the Mixing Water Worksheet. Students should already be familiar with
reading subscripted shorthands, but it may be beneficial to review.
Experimentation: In their groups of four, one student from each group
will obtain the materials. All groups will go to their lab station where they
will carry out their procedure. On the sheet that the students wrote up their
procedure (the sheet that was folded in half), students should write any
observations they make on the other half.
Students need to be reminded to record data quickly to avoid skewing their
results.
Students need to be reminded to return all material and clean all lab stations
upon completion so that the stations will be ready for the next class.
Processing the Data: One student (the recorder) will be asked to come up
to the overhead projector to record their data, on the transparency, that they
obtained during the lab.
Discuss Results: Students will be asked, “How did your predictions
compare to your actual value?”
In their groups, have the students discuss why their predictions where
correct or incorrect. Additionally, students will be asked to discuss the
following question: “Can you see a pattern between the starting
temperatures and the predicted temperatures in these results?”
Students should see that the average of the two starting temperatures is
equal to the predicted final temperature.
Summary/Wrap-Up: Students will be asked to work in their groups in the
remaining time to see if they can come up with an equation for calculating
final temperature when two (or more) equal volumes of water of different
temperatures are mixed together.
Homework: Have students transcribe their equation onto the Mixing Water
Worksheet in the space provided. Additionally, have students provide an
explanation of why some groups obtained accurate data, while others were
slightly off. Be prepared to your explanations in class tomorrow.
See Day 1 Preparations
Preparing Different Samples of Water with Varying Temperatures.
Hot plate demonstration/preparation
Students will immediately get into their groups of four to discuss the
question on the board: “Why were some groups’ data right on, while other
groups’ where slightly off?”
During this time, students should discuss the equations that they came up
with to support why they obtained the results they did. Based on that
equation, students will come up with an explanation for the question on the
board.
As a whole group, we will discuss the patterns that students saw in the data.
We will then try to come up with one equation that satisfies the laboratory
experiment. Students should observe that the relationship is: Tf = Th+Tc/2.
Some students might observe that the aforementioned equation did not work
for their experiment.

Day 2:
5 mins







Day 3:
5 mins






Day 3:
20 mins







Day 3:
5 mins









Discussing Sources of Error: Students, by this point of the year, should be
exposed to the term sources of error. Students should be able to discuss in
their groups, possible sources of error in this lab that could have lead to
skewed results.
As a group we will write down possible sources of error in conducting this
lab. Then, students will be called upon to see how we could minimize these
sources of error, so that if we were to conduct this experiment again, our
results would be more accurate.
Possible Sources of Error: Not reading from the bottom of the meniscus,
improper readings of graduated cylinder and/or thermometer, time delay
between mixing the water samples and placing the thermometer in the
mixture.
Based on the equation that we came up with for mixing equal volumes of
water to find the final temperature of the mixture, ask students, “What
would happen if we wanted to do the same experiment with more than two
liquids? How would the equation from above differ?”
Discuss the above question as a group and then as a class. Students should
be able to come up with the general equation: Tf = T1+T2+T3+…+Tn/n.
Explain that this equation is another way of writing out the average/mean.
Students should write this equation in the space provided on the Mixing
Water Worksheet.
Allow students to investigate the above equation by allowing them to devise
their own experiment based on the lab they conducted yesterday. Students
should work in their groups to devise a plan to find the final temperature of
a mixture of three or more different water samples of varying temperature.
Students might be over zealous and try to do too many samples in the given
time frame. Try to limit students to four different temperatures (time
permitting).
Students may ask for hot plates during this time so that they can heat up the
water. Allow students to use hotplates (review safety procedures for using
hotplates).
Upon completion of lab, have students discuss their findings as a class.
Summarize Water Mixing: Discuss with students:
What happened to the hot water when it was mixed with the cold
water? The hot water got colder.
What happened to the cold water when it was mixed with the hot
water? The cold water got warmer.
What happened to the kinetic energy of the particles in the hot water
when the hot and cold water mixed? They lost kinetic energy.
What happened to the kinetic energy of the particles in the cold water
when the hot and cold water mixed? They gained kinetic energy.
Homework: In the past couple of days we have been mixing different
temperatures of water and finding the final temperature of the mixture. We
found that the hot water particles had high kinetic energy. The cold-water

particles had low kinetic energy. We mixed the hot and cold water to make
warm water. The average kinetic energy of the warm water particles was
medium. Somehow, though, the kinetic energy of the hot water particles
and cold-water particles changed when they were mixed. In a brief
paragraph accompanied with a diagram, provide an explanation for how the
kinetic energy of particles changes.

ASSESSMENT
Method
Observations
during
experimentation
and during class
work.

Novice
Student does not
realize that by
mixing two different
temperatures the end
result will be a
mixture intermediate
in temperature.

Competent
Student realizes that
by mixing two
different
temperatures of
water results in an
intermediate
temperature.

Process Skill:
Predicting:
Predicts what
happens when
hot and cold
water are
mixed
Process Skill:
Measuring:
Measuring
equal volumes
of water using
graduated
cylinder and
temperature
using
thermometer

Observing lab
activity sheet.

Provides a final
temperature
prediction but does
not offer reasoning
for that prediction.

Provides prediction
of final temperature
that provides a
reasoning that calls
on previous
knowledge.

Observations
during
experimentation
and homework.

Process Skill:
Interpreting
Data:
Interpreting
Expansion of
Water Graphs
(class and
group)

Observations
during class and
group
discussions and
homework.

Student does not use
proper lab techniques
during
experimentation
(does not use G.C.
for precise
measurements and
obtains T before
alcohol stops rising)
and obtains
imprecise data.
Student data is
imprecise and does
not show trend. No
algorithm is
produced because the
lack of trend in data.
Two trend lines are
not present.

Student uses proper
lab techniques
(measures from
bottom of meniscus
using graduated
cylinder and obtains
T from thermometer
at right time) while
conducting
experiment. Collects
precise data.
Student uses data to
determine algorithm
for final temperature.
Student uses
algorithm to solve
practice problems
correctly. Sees that
both lines show
similar trends

Concept:
Mixing water
of two
different
temperatures
results in an
intermediate
temperature.

Expert
Student realizes that
by mixing two
different temperatures
results in an
intermediate
temperature. Realizes
that there is a transfer
in energy from hot to
cold. Uses knowledge
of kinetic energy to
explain heat transfer.
Provides prediction of
final temperature that
calls upon previous
knowledge and
compares to other
similar situations.
Student uses proper
lab techniques but is
able to offer reasons
for why data could be
imprecise. Offers
sources of error in
measurements.

Student uses data to
determine algorithm
for final temperatures
and suggests a general
trend for more than
two liquids being
mixed at once.
Interprets that the two
graphs are similar and
provides explanation
for why.

Habit of
Mind:
Know that
hypotheses
are valuable,
even if they
turn out not to
be true, if they
lead to fruitful
investigations.

Observations
during class and
group work.

Student
prediction/hypothesis
is incorrect but
student opinion does
not change based on
investigation.

Student
prediction/hypothesis
was correct or
incorrect but can
suggest reasons for
why
hypothesis/prediction
is correct/incorrect.

Student
prediction/hypothesis
was correct or
incorrect but can
suggest reasons for
why
hypothesis/prediction
is correct/incorrect.
Student suggests
further investigations
that could support
hypothesis/predictions.

Name: ___________________________________ Date: ____________
Energy Transfer: Mixing Water
Question
If you mixed equal volumes of 50C hot water and 10C cold water, what do
you think the temperature of the mixture would be?
Prediction
Predict the temperature of the mixture. _____________________
Reasoning
Explain the thinking behind your prediction.

Procedure
Describe an experiment you can conduct to check your prediction.

Data
Conduct a water-mixing experiment.
We mixed ________ mL of hot water and _______ mL of cold water.
Thot (C)

Tcold (C)

Prediction (C)

Tfinal (C)

Write the equation for calculating final temperature when equal volumes of
water are mixed.

TRANSPARENCY: MIXING WATER
MIXING WATER RESULTS

Group

Thot (C)

Tcold (C)

Prediction
(C)

Tfinal (C)

Activity 3: Heat
Description:
During this activity, students will begin to compare and contrast heat and temperature. A
common misconception at this stage is that students think that temperature and heat are a
package deal. They believe that heat is measured using the Celsius Scale like
temperature. They are unaware that heat is measured in calories. Thus, in this activity,
students will be introduced to the calorie, the unit of heat.
In order to understand the calorie, students will conduct a water-mixing experiment that
determines the amount of heat transferred from the hot water and how much heat was
transferred to the cold water during mixing. Thus, in order to conduct this experiment,
students need to be able to understand the fundamentals of mixing liquids before moving
on to this activity. This activity also requires students to recall concepts that we have
been working with throughout the entire year such as: knowing what mass is, finding
mass of substances, determining the relationship between mass and volume in water,
measuring substances using a triple beam balance and graduated cylinders, and using
proper laboratory techniques.
Timing of this unit is crucial and should be coordinated with the math teacher because
students will need to be able to manipulate equations to solve for certain variables.
Students who are weak in their algebra skills might need extra help during this unit, but
could also use logic to determine their answers.
Science Content:





Heat is measured in calories. One calorie will raise the temperature of 1 g of
water 1C.
Temperature is measured in degrees Celsius (C). Temperature is the average
kinetic energy of the particles.
Conservation of Energy (energy is neither created nor destroyed, but is transferred
from one form to another).
Calculating energy transfer in calories.

Integrated Subjects:



Math
o Evaluate simple algebraic expressions for given variable values, e.g., 3a2 b for a = 3 and b = 7.
o Explain and analyze-both quantitatively and qualitatively, using pictures,
graphs, charts, or equations-how a change in one variable results in a
change in another variable in functional relationships.

Source: http://www.doe.mass.edu/frameworks/math/2000/pat7.html


Health
o Identify the key nutrients in food that support healthy body systems
(skeletal, circulatory) and recognize that the amount of food needed
changes as the body grows.
o Use the USDA Food Guide Pyramid and its three major concepts of
balance, variety, and moderation to plan healthy meals and snacks.
o Recognize hunger and satiety cues and how to make food decisions based
upon these cues.
o Identify heredity, diet, and physical activity as key factors in body shape
and size.
o Describe a healthy diet and adequate physical activity during the
adolescent growth spurt.
o Describe the components of a nutrition label and how to use the
information from labels to make informed decisions regarding food.
o Analyze dietary intake and eating patterns.

Source: http://www.doe.mass.edu/frameworks/health/1999/physical.html#nut
Process Skills:





Measuring (Day 1): Measures the mass and volume of a substance using a triple
beam balance and a graduated cylinder, respectively.
Defining Operationally (Day 2): Based on data, students will define the equation
q = mT
Experimenting (Day 3): Performs an experiment based on transfer of heat from a
determined amount of hot water to the same determined amount of cold
Communicating (Day 4): Discusses practice problems using the equation q =
mT with a small group and with entire class.

Scientific Habits of Mind:




Open-minded, willing to change your mind in the face of reliable evidence, and
respect another’s point of view.
Be not superstitious; realize that nothing happens without cause.
Be curious. Be careful and accurate in observations.

Activity 3 Materials For Each Group:












3 Cups, insulated foam
1 Cup, plastic, clear, 500-mL
2 Graduated cylinders, 50-mL
2 Bulb pipettes
2 Thermometers, glass
Hot water
Calculators
Cold Water
Calculating Heat in Calories A-B Sheets
Heat Transfer Sheet
Heat Practice Sheets A-B

Activity 3 Materials for Class:











1-2 Triple beam balances (electronic balances not available).
1 Graduated cylinder, 50-mL
1 Bulb pipette
Alcohol
Hot water 60C
Cold Water 5C
Overhead projector
Overhead transparency marker
Transparency: Calories
Transparency: Energy Vocabulary

Session Length:
Three 45-minute class periods
Scope and Sequence:
Day 1:
Prep





Day 1:



Practice Weighing Water: It will be a good time to review the
mass/volume relationship of water. Students should demonstrate this
during the first class so that they can refresh their memories. Students have
not been exposed to triple beam balances and graduated cylinders for quite
some time, so be prepared to do a mini activity that gets students ready for
accurate scientific measurements (mainly with the triple beam balances).
Plan Hot and Cold Water: Students will need to use hot and cold water
during part of the experiment. Plan to setup a hotplate with water so that
hot water can be obtained readily. Hot water should be around 50-60C.
Ice may need to be bough ahead of time for ice water, but could be
substituted using cold water (broad range for cold water is acceptable).
Explain to the students that the activity that they are going to be doing today
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is a review and is essential for students to master before they go onto the
next steps. Since we are dealing with heat and heat transfer students will
need to understand the importance of taking accurate measurements.
On the board, write: “What happens when you put ice cubes in a glass of
water? Why is the density relationship between water and ice important?”
Tell students that as they do today’s activity, it is important to keep these
questions in mind.
Tell students that in today’s activity, they will be measuring both the mass
and volume of liquid water and ice and then calculate their densities.
As a review, go over what density is. Density is the amount of mass in a
given volume. Then, give equation: D=m/V. Students have been exposed
to this at the beginning of the year, but since this unit is conducted close to
MCAS time, it is a great review and ties in with the unit that we are doing.
Be sure to have students explain both mass and volume.
Mass is the amount of matter in an object (matter = stuff)
Volume is the amount of space and object takes up.
Tell students that they are to work in groups of three or four to determine
the density of both water and ice in today’s lab. Students will need to come
up with their own plan in order to find the density of both water and ice.
Working in their groups, come up with a SPECIFIC procedure for finding
both the mass and volume of ice and water. Students should write down the
materials they will need and the steps they will go through in order to
collect the necessary information.
Most likely students will say that they can find the volume of ice by using
displacement. However, throughout the year, students have been using
water displacement in order to determine the volume of irregular shaped
objects. Ice floats on water. A major misconception that students might
encounter is finding the volume of ice. Students might assume that since
some water was displaced that is the total volume of the water.
Possible solutions to above problem: Discussion of Archimedes’ Principle
or use of alcohol instead of water for displacement purposes.
As an entire class, discuss the specific procedure they will follow to
determine the density of ice and water. As students say the steps, they need
to explain how they are going to accomplish that step.
These steps will be posted on a large piece of paper that will be hung up
somewhere around the room.
See attached Water, Water Everywhere Sheet for a sample procedure that
students should come up with. Probe students if they miss any steps during
this time.
Discuss Archimedes’ Principle: a body immersed in a fluid is buoyed up by
a force equal to the weight of the displaced fluid.
How are you going to measure the volume of ice if ice floats on water?
Possible Answers: Some students might say that you can’t find the volume,
however, they should think of a way that they can submerge the entire ice
cube in the graduated cylinder to observe the total displacement.
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Is there any other way you could determine the volume of ice?
Students may come up with the idea of using a liquid that ice does not float
in. Allow students to test different liquids that are found in the classroom
(time permitting) or allow students to look up different densities of liquids
using the Internet or books. They should find that ice does not float in
alcohol.
Experimentation: In their groups, have the getter obtain the necessary
materials for this activity. The recorder should make a data table in which
the group will record the data they obtain from the activity. The starter
should initiate the activity and guide the other group members in what they
need to do. Tasks can be divided up, but all students should work as a
group to complete the activity.
Processing Data: Students should work together to process the data that
they collected. Using the data, they should calculate the density of water
and ice. Students will be able to use calculators but need to be sure that
they are showing all their work. Students should find that the volume of
water is 1 gram per milliliter. The density that they obtained for ice should
be less than 1 gram per milliliter.
Based on their data, ask students: Using your data, explain what happens
when you put ice cubes into your water.
Students should already know by experience that ice floats in their water.
Now, they should be able to use values to experimentally prove this
phenomenon
Summary/Wrap-Up: Discuss the mass/volume relationship for water: 1
mL of water has a mass of 1 g. Once the students accept the relationship,
they will be able to determine the mass of a sample of water by measuring
the volume of water or by finding the mass of it.
Homework: Based on what you did in class today, why is the density
relationship between water and ice important to fish living in lakes in the
winter?
See Day 1 Preparations
Discuss: Go over the homework problem from last night with the students.
Have students discuss the question with each other for the first couple of
minutes to see what other people had to say about the scenario. Then, as a
class go over possible answers to the question.
Students should talk about the densities of water as it relates to fish. Fish
need to be cognizant of water density so that they do not get caught in the
ice as the water freezes over. Thus, it is important for fish to be able to
control their densities (swim bladder/air bladder) in order for them to
survive the cold temperature effects of the winter.
Introduction of the Calorie: Hand out the Calculating Heat in Calories A
Sheet. The same sheet will be projected on the overhead. As a class, go
over the introduction. Have a couple of students read the two short
paragraphs.
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Paragraph 1: Temperature is measured in degrees Celsius (C). Heat is
not measured in degrees Celsius. Heat is measured in calories (cal). The
calorie is the unit of heat in the metric system.
Paragraph 2: One calorie is the amount of heat needed to raise the
temperature of 1 g of water 1C. For instance, it takes 1 cal of heat to raise
the temperature of 1 g of water from 25C to 26C.
Ask Students: Where else have you seen the word calorie? Students
should think of food. We will briefly discuss that high calorie foods
actually means food high in energy.
Looking at the overhead projector, work through the problems on the
transparency as a class (1a through 1d). Students will be called on
randomly to offer their answers. Give students a few minutes to work on
the rest of the problems individually. Students may use calculators (all
students were required to get a calculator at the beginning of the year,
however, some extra ones will be supplied). Student work will be
monitored as they are working on the problems.
Upon completion of e-h, have students go over their work and fill answers
in on the overhead.
Ask Students: The amount of heat needed to change the temperature of a
mass of water is measured in calories. What is the equation for calculating
the amount of heat needed to heat up or cool down a mass of water?
On the board write: cal =
Have students turn to their tablemates and talk about this question briefly.
Remind students to rethink the question that I just asked. Some students
might be able to figure out the relationship by manipulating the question.
However, most students in this class will not be able to figure it out readily.
Provide Hint: If students are struggling, have them refer to the table that
they just filled out. Give them a couple more minutes to discuss the answer.
Ask students: Looking at the table that you just filled out, what two
variables are seen? Students should realize that it encompasses mass and a
change in temperature (not just temperature). Write on the board: cal = m
x T. Review the delta sign. Students should already recognize this
symbol to mean “change” from previous units.
Discuss meaning of Equation: The number of calories needed to change
the temperature of a mass of water is equal to the mass of the water (in
grams) times the temperature change (in degrees Celsius).
Song: To make this equation a little more memorable, offer the students a
jingle: “mT equals heat energy”.
Handout: Give students the Calculating Heat in Calories B Sheet. Allow
students to work for about 15 minutes individually on this in-class
assignment. Since this group of eighth graders is not strong in mathematics,
it will be good for them to start out individually and then give them time
later to work in groups when they are stuck. This way, I can monitor
student progress and mathematical abilities to see where students are
struggling. For those students who finish the work early, it would be a good
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idea for them to help other students who do not find the concept as readily
(10 minutes alone, 10 minutes group, if needed). THIS ALLOWS FOR
SCAFFOLDING TO TAKE PLACE.
Discussion: After students finish the worksheet, discuss as a class the
answers to the problems they just figure out. Make sure students can
explain the process they went through to solve the problems. Remind
students that they must show ALL their work, units, and equations used in
order to receive full credit on the problem.
Summary/Wrap-Up: Show students how to manipulate the equation on
the board to solve for other variables. Have students solve for mass in
terms of heat energy and temperature. Also, have students solve for the
change in temperature in terms of mass and heat energy. Students should
be able to show the steps they went through to get to this point.
Point out the interesting points in the second problem on these worksheets.
They should be able to calculate the calories (heat energy) transferred from
the hot water and to the cold water to see that they are exactly the same.
Ask students why this true. Students should be able to see that energy is
being conserved.
Homework: Complete a short worksheet that has problems similar to the
ones that they worked on in class.
SEE DAY 1 PREPARATIONS
Introduction: Ask students to recall what happened the other day when
they worked on the experiment where they mixed hot and cold water.
Students should discuss that the final temperature was equal to the average
of the two temperatures. Now, add a twist to the scenario.
Tell Students: Last time we mixed water because we wanted to find out
what temperature the final mix would be. Today, I want to find out how
much heat transferred from the hot water and how much heat transferred to
the cold water during the mixing.
Tell students to take out a blank piece of paper and to turn it so that it is in
landscape form (not portrait). Rewrite the equation on the board: cal = m x
T. Looking at the equation, what pieces of information will we need to
determine heat the amount of heat transferred?
Students should be able to come up with the mass, starting temperature,
final temperature, change in temperature, and calories for both hot and cold
water (see Heat Transfer Sheet below). Discuss what each column means.
The final column should be discussed in a bit more detail. Tell students that
the last column is number of calories (or the heat energy) transferred to or
from the water.
Have students remember the Water, Water Everywhere Activity they
conducted the other day. It is important for students to know that 1 mL of
water has a mass of 1 gram. If this is readily accepted, we can move on.
Tell students that when they know the volume of their water sample (using
a graduated cylinder) they can fill in their mass column for both hot and
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cold water.
IMPORTANT NOTE: Some students will think that 1 g = 1 mL for any
liquid if not told otherwise. Students need to understand that the above
statement is only true for water, not necessarily ALL liquids. If time
permits later, students can have the opportunity to experiment with this.
Experimentation: Briefly discuss the steps found on the Heat Transfer
Sheet. Ask if there are any questions pertaining to the steps that we have
just gone over.
REMINDER: Remind students that they need to act quickly in this lab
after they have recorded the starting temperatures. Once they obtained the
starting temperatures, they need to IMMEDIATELY mix the two samples
and measure the final temperature.
Students may ask when to record the final temperature. Tell students to
record final temperature when there is no more movement in the
thermometer. We will discuss the concept of equilibrium later.
Demonstrate the setup of the experiment for the class so that they have a
visual to compare their work to.
Getters need to obtain all the materials. Hot and cold water stations will be
set up around the room. Hot water will be brewing on the hotplates.
Students will need to use tongs to remove the hot water from the hotplates.
Students should record their data in the chart.
Upon completion, have students return all materials, wipe down stations,
and dispose of any water used.
Discussion of Results: Give students time to calculate results their results,
finish filling in their data table, and record any data that they need.
Students should be able to observe from their data that heat has been
transferred.
Ask Students: What happened when you mixed the hot and cold water?
Students should recall what happened from a couple of days ago when they
did the mixing water activity. They should say that the final water
temperature was somewhere between the hot and the cold water
temperatures.
Ask Students: What caused the kinetic energy to change? Energy (heat)
transfer as a result of particle collisions. Heat energy transferred from the
hot water particles to the cold water particles. Tell students this is just like
the transfer that took place in a thermometer when a thermometer is placed
in either hot or cold water. How long or when does the transfer stop?
Some students might say that the transfer of energy stops when the particles
stop moving. Students should be aware that the particles do not stop
moving. Energy transfers until equilibrium has been established.
What do you think equilibrium means? Equilibrium means equal
movement of all the particles (in this case). So, energy continues to transfer
until all particles are moving with the same amount of kinetic energy. Ask
students where we have used equilibrium before, in any unit that we have
discussed. Some students might remember the candle experiment that we
conducted last year. Other students might remember the concept of
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diffusion/osmosis that directly deals with equilibrium due to particles
moving from an area of high concentration to an area of low concentration.
Ask Students: Did energy transfer from the hot water or from the cold
water. Students will need to look at their data table to answer this question.
Students should see that the heat transferred from hot to cold. Tell students
that energy flow is always from higher kinetic energy to lower kinetic
energy.
Summary/Wrap-Up: Call on students to answer the following questions.
How many calories were transferred from the hot water? Students need to
use data they obtained from the lab. Students should realize that not all
answers are going to be exactly the same.
How many calories were transferred to the cold water? Should be the same
number of calories from before.
Homework: Based on the two questions from above, have students come
to class tomorrow ready to discuss the following question: Based on the
energy transferred from the hot into the cold, what can you conclude about
heat transfer?
Homework 2: Tell students that they will be having an exam on all the
material covered in the past couple of days that pertain to the activities we
have done over the span of this unit.
SEE DAY 1 PREPARATIONS
Introductory Activity: In groups, have students talk about what they
completed for homework from the previous night. Students should talk
about the ideas that they all have and then be ready to report to the entire
group.
Ask Students: What did your group discover about heat transfer? Based
on their results, students should come say that the amount of energy
transferred from one place is equal to the energy transferred to another
place.
Introduce Conservation of Energy: Students should recall conservation
of matter and conservation of momentum from previous units that we have
done in the past couple of units. In doing so, they saw that
momentum/matter was neither created nor destroyed.
Throw a ball to the ground. Ask students if energy was being conserved
when I bounced the ball. Some students will say yes. If students say yes,
then ask them why. Bring up the point that the ball did not return to its
original height, so how can energy be conserved? If the ball started out
with a certain amount of potential energy and turned to kinetic energy,
shouldn’t it come back to its original position? Most students will
understand that some of the energy in the ball was transferred from the ball
into the floor. Thus, the ball did not come to its original position because
some of the kinetic energy transferred into heat energy.
Practice Using q = mT
Working individually, students should work on practice problem on the
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Heat Practice A and B Sheets. Students should show all work, units, and
equations used to come up with the correct answer and to receive full credit.
Give students about 10-15 minutes to work on their own. After that time
has expired, tell students to discuss their answers in groups. During group
work, tell students that if there are any discrepancies between answers, they
need to discuss the problem and agree upon one answer. Have students
make a mark on the problems that there were discrepancies so that they can
revisit these problems.
Discussion of Results: As a class, go over the answers to all the problems.
Ask students where they had troubles (if any) and work through them as a
group, calling upon different students to ask for their strategies. Use the
board to display work and answers to problems.
Summary/Wrap-Up: Briefly discuss the concepts that the students have
learned in the past two weeks. Tell students that they are responsible for
this information and that they will be given an exam. Give a couple of
minutes for students to review the information as a class and go over key
concepts with them.
Homework: Study for Exam using notes, lab sheets, and any other
materials that have been used throughout the course of this unit.

Assessment
Method
Observe during
class discussions,
group discussions,
and during
individual work.

Novice
Student realizes that
energy is lost and/or
gained. Recognizes
a transfer in energy
but does not
recognize the total
energy lost by one
substance is gained
by another. Does
not explain particle
movement in terms
of KE and thus does
not recognize that
the particles reach
equilibrium.

Process Skill:
Measuring: Mass
and volume using
TBB and G.C.

Observations
during
experimentation
and homework.

Process Skill:
Defining
Operationally:
Defining q = mT

Observe students
during in class
problem sets.

Student does not use
proper lab
techniques during
experimentation and
obtains imprecise
data. Mass and
volume are recorded
but not precisely
(does not zero in
balance, does not
read from bottom of
meniscus, does not
use G.C.).
Student can recite
equation q = mT
but has trouble
calculating heat

Concept: Energy
is conserved. The
amount of energy
in a system does
not change. Heat
gained by the cold
water is lost by the
hot water. The
total amount of
heat lost = amount
of heat gained

Competent
Student realizes
that energy is
conserved during
a transfer from hot
to cold water.
Recognizes that
the heat lost from
the hot water is
gained by the cold
water through a
transfer in KE.
Realizes
equilibrium has
been established
in particle
movement.
Student uses
proper lab
techniques while
conducting
experiment.
Collects precise
data (measures
using TBB and
G.C., measures
from bottom of
meniscus, zeros
balance in, etc.).
Student can use
and manipulate
the equation q =
mT to solve for

Expert
Student recognizes
that energy is
conserved. Draws
from previous
experiences on
how conservation
of energy applies
to other aspects of
life. Provide
analogous models
for equilibrium.

Student uses
proper lab
techniques but is
able to offer
reasons for why
data could be
imprecise.
Understands
sources of error in
measurements.
Suggests how to
improve sources
of error.
Student can use
and manipulate
equation to solve
for heat energy

transfer using the
equation.

heat energy
transfer in water.

Process Skill:
Experimenting:
Performing
experiment based
on transfer of heat
from a determined
amount of hot
water to the same
determined
amount of cold
water

Observing
students during
class period

Follows the lab
protocol somewhat
correctly. Data
obtained is
inaccurate. Table
does not show that
energy is being
conserved.

Follows lab
protocol correctly.
Completes the lab
with precise
measurements and
conducts one trial
to obtain one set
of data. Table
shows energy is
conserved.

Process Skill:
Communicating:
Discusses Practice
Problems using q
= mT

Observe student
discussions during
group problem
solving.

Does not listen to
others in group and
proceeds to do
problems/experiment
anyway.

Actively
participates in
conversations and
listens to other
people’s thoughts
and/or opinions.

Habit of Mind:
Be not
superstitious;
realize that
nothing happens
without cause.

Observations

Recognizes that heat
can be transferred
but can explain why
or how.

Recognizes that
when heat is
transferred,
energy is
conserved because
heat cannot be
created nor
destroyed.

transfer in water.
Further
investigates the
equation by
looking at
different liquids to
incorporate
specific heat (q =
mcT)
Follows lab
protocol correctly.
Completes the lab
by recording
precise
measurements and
conducts multiple
trials to obtain
more accurate
data. Table shows
energy is being
conserved.
Actively
participates and
offers logical
explanations to
others in group.
Draws on personal
experience to help
explain concepts
to other students.
Recognizes that
when heat is
transferred energy
is conserved.
Offers further
experimentation
that could be used
to prove energy is
conserved.

Name: ____________________________________ Date: ________________________
Calculating Heat in Calories A
Temperature is measured in degrees Celsius (C). Heat is not in degrees Celsius. Heat is
measured in calories (cal). The calorie is the unit of heat in the metric system.
One calorie is the amount of heat needed to raise the temperature of 1 g of water 1C.
For instance, it takes 1 cal of heat to raise the temperature of 1 g of water from 25C to
26C.
1. Calculate the number of calories needed to
Calories
(cal)
a. Raise the temperature of 1 g of water 1C
b. Raise the temperature of 2 g of water 1C
c. Raise the temperature of 2 g of water 2C
d. Raise the temperature of 10 g of water 1C
e. Raise the temperature of 1 g of water 70C
f. Raise the temperature of 100 g of water 5C
g. Raise the temperature of 450 g of water 3C
h. Raise the temperature of 16 g of water 62C
2. Billy mixed 40 g of 60 C water with 60 g of 25C water. The final temperature
was 39C.
a. Calculate the change of temperature (T) for the hot water.

b. Calculate the amount of heat (calories) transferred from the hot water.

c. Calculate the amount of heat transferred to the cold water.

d. Compare the amount of heat transferred from the hot water and the amount
of heat transferred to the cold water.

Name: ____________________________________ Date: ________________________
Calculating Heat in Calories B
3. Rosella has a 10-liter fish tank. The water needs to be 28C for her tropical fish.
When she filled the tank, the temperature of the water was 12C. How many
calories of heat must transfer to the aquarium before it is ready for the fish?

4. Cindy made tea. She started with 300 g of water at 20C. She transferred 18,000
cal to the water. What was the final temperature of the water?

5. Lee’s 600-mL cup of cocoa got cold. It was only 25C. He put it in the
microwave. How many calories must transfer to the cocoa to bring it up to 70C?

Name: ____________________________________ Date: ________________________
Heat Transfer Experiment
Materials:
3 Styrofoam Cups
1 Plastic Cup (500 mL)
2 50-mL Graduated Cylinders
2 Bulb Pipettes
2 Glass Thermometers
Hot Water (at station)
Cold Water (at station)
Procedure:
1. Get about 50 mL of hot water in one foam cup and about 50 mL of cold water in
the second foam cup.
2. Decide on the mass of hot water and the mass of cold water you will use.
Measure the water with graduated cylinders or with triple beam balances.
3. Record their masses and starting temperatures in the table.
4. Immediately pour the water and the hot water into a third foam cup. Put that
foam cup into a 500 mL cup for stability.
5. Quickly measure and record the final temperature.
6. If time allows, conducted the experiment again to obtain an additional set of data.

HEAT TRANSFER: DATA TABLE
Mass (g)

Starting
Temp. (C)

Final
Temp. (C)

T (C)

Heat
Energy/Calories
(cal)

Hot Water

Cold Water

Name: ______________________________________ Date: ______________________
Heat Practice A
1. What is the equation for calculating final temperature when equal masses of water
are mixed?

2. What is the equation for calculating how much heat energy (calories) transferred
to or from a mass of water?

3. Mix 30 mL of water at 15C and 30 mL of water at 55C. Answer these
questions. Show all work and units where necessary.
a. What is the final volume of the water?

b. What is the final temperature of the water?

c. How many degrees did the cold water decrease?

d. How many degrees did the hot water decrease?

e. How much heat energy transferred to the cold water?

f. What happened to the kinetic energy of the hot-water and cold-water
particles?

Name: ______________________________________ Date: ______________________
Heat Practice B
4. Mix 25 mL of water at 0C and 25 mL of water at 50C. Answer these questions.
Show all your work and units where necessary.
a. What is the final temperature of the water?

b. What is the T for the cold water?

c. How much heat energy transferred to the cold water?

d. What is the T for the hot water?

e. How much heat energy transferred from the hot water?

5. Energy “flow” is the transfer of energy from one place to another. Which
direction does energy flow?

6. How does energy transfer happen?

7. What is equilibrium?

Reflection:
After conducting this unit, I realized how much more intriguing science can be by
making activities more inquiry based. Looking back on activities and laboratory
activities that I have done in the past couple years, I observed that students become more
excited about science when everything is not cookbook style. When students are actively
engaged in science, they see that they can make these experiments their own. They take
responsibility for their own learning. Additionally, because students are coming up with
their own plans and procedures, they become more prone to wanting to further explore
other investigations about a certain topic.
In the past couple of years, I believe that I was doing inquiry-based science, however, the
investigations that they conducted were very guided and teacher-oriented. Though
students usually found some activities interesting, they could have been more memorable
if I allowed for students to take initiative in designing their own projects or procedures. I
am realizing that though it is ok to design guided inquiry lessons, the challenge is to
figure out a method for designing more open inquiry based lessons and provide support
for the students along the way. I am beginning to learn now how important it is for
teachers to get together over the summer or during breaks to use that time to design more
inquiry based science units.
There were many things that went well with this unit, but there were also some things
that I need to fix for next year when I do the same unit. One of the hardest tasks for
students at this point of the year was asking them to do things that they were not
accustomed to doing thus far in the year. For example, when assigning roles at the
beginning of one of the first activities, students were puzzled. Though it was a way for
all students to participate in different ways in the activity, it would have been better for
me to introduce this method at the beginning of the year. Students took their roles
seriously during the activity, but the roles were never really emphasized in other activities
in this unit. I think that it is going to be essential to establish these roles at the beginning

of the year next year as it will provide more structure inside the classroom for many of
the activities I do. For example, there are days where I have a center station with all the
materials they need to do the lab. Instead of having one person obtain all the materials,
everybody would crowd around the table and the chaos began. This type of organization
next year will help alleviate that initial chaos and will allow for more tasks to be
accomplished during the period.
One of the best things that came out of this unit was that the students were required to
think. Often times as a teacher, we get frustrated because students give up too soon and
come straight to us for the answer. Unfortunately, it’s always a grey area when to help a
student and when to tell them to try to work through the problem with their partners or by
themselves. Students become lazy because the teachers become enablers. Additionally,
when students are asked to do and activity where they are given the lab/activity write-up,
students just got through the steps to get the activity done. Students never really process
the information and realize what they are doing when they are handed the cookbook lab.
They often fail to read through the entire lab, ask questions that they can answer on their
own, and fail to recognize the main objectives of the lab. Students are often asking what
the importance of doing a certain activity is. However, when asked to come up with a
procedure of their own, students are forced to talk to each other. They are required to
pull from what they already know about the given topic and utilize that knowledge.
Finally, they are forced to question their own reasoning. They are pushed to see if what
they are actually saying make sense. In doing so, these students are pushing themselves
harder and making learning more their own. This unit really relied on students
questioning each other and coming up with reasons for why certain things happen. For
example, when students were required to build a thermometer made out of soda bottles,
they needed to think of how an actual thermometer works. Also, students were not
allowed to begin construction until they were able to explain to me and to the group how
their design was actually going to work. When they were ready to explain, students were
then able to recognize either why their thermometer would or would not work. It was as
though they made the revelations themselves and were proud of what they had unraveled
themselves. As a teacher, I learned so much up about the students and my teaching
practices. I realized that students are more successful when I take a more of the back
burner approach. Students really can figure things out on their own and there are times
when I give in too easily. By simply observing rather than telling students what they
need to do, students became less teacher dependent. Not only is this easier on me, but it
also makes the students more prone to listening to each other. Thus, communication
became an essential learning skill during this unit.
One of the hardest parts of this unit was for the students to explain what happens at the
particle level during a heat transfer. The concept of energy conservation was readily
understood because we have talked about this before in doing a roller coaster lab.
Students have also been exposed to conservation of matter and momentum which helped
them draw conclusions about conservation of energy. One of the hardest concepts for
students to do at this age is to explain abstract concepts since they are necessarily
tangible. Even though most students understand that heat travels from hot to cold, they
have a hard time explaining how this is happening and what is happening to the particles

of the liquid during the transfer. Since students could not see what was happening at the
particle level, the concept becomes more difficult to grasp. In order to understand this
process, we needed to define and review the term equilibrium. We talked about the
candle experiment that we did on the very first day of school in seventh grade and the
processes of diffusion and osmosis (both concepts we discussed in seventh grade). We
discussed how particles of cologne traveled until it was equally spread out through the
classroom. We talked about and egg experiment we did with food coloring. Finally, we
took all this information and evaluated the scenario we had at hand. In doing so, students
were able to understand that the hot liquid molecules were moving faster than the coldwater molecules. However when they were mixed, the hot water molecules from the hot
transferred to the cold-water particles until all the molecules were moving at relatively
the same speed, thus establishing a final temperature on a thermometer.
Teaching science based on inquiry is the key for having students take responsibility for
their educational experiences. We, as teachers, are giving the students the opportunity to
explore concepts through hands-on experiences that they have created on their own. As a
result, students become more enthusiastic about learning and science becomes a
meaningful aspect of their lives.

If I Had More Time:
As we all know at this point, forty-five minutes is not enough time for a science class,
especially when you are trying to run an experiment. Additionally, with the number of
topics and standards we have to meet in seventh and eighth grade, we have to pick and
choose the activities wisely. However, if I had more time I would really want to conduct
an experiment that was based on the lab transformation activity we did during the second
weekend of this course.
To continue on with calculating energy in calories (the third activity in this unit), I would
want students to do a major project that coincides with what they are learning in health.
Working with the health teacher, we would work together to devise a plan where students
need to keep a daily log of what they eat during the course of the week (or a course of a
day depending on the time chosen). Then, students would also have to keep track of the
amount of physical activity they do during the day. In science, students would have the
opportunity to find out how many calories are in certain foods by conducting a bomb
calorimetric experiment. Despite being a very crude way of determining the amount of
calories in certain foods, it would be a great opportunity to discuss reliable methods of
experimentation. Additionally, using the information they calculated in science, they
would be able to estimate they have eaten during the day. Using this number, they could
then figure out how many calories they burn a day through physical activity. They will
then find the number of calories that they have consumed during the course of the day
and compare that to the average male or female from that age group. Students will then
be able to see if they are meeting FDA regulations or not. This activity would take quite

a bit of time to complete, but it would allow students to see how physical science relates
to real life scenarios and their own bodies Students would then be able to take their
findings and make public service announcements that relate to eating disorders, eating
healthy, or the importance of exercise. In doing so, students would be able to make a
movie or a pod cast that would be displayed publicly so that their work could be viewed
by others.
Finally, it would be great to incorporate more technology into this unit. If there is enough
money in the budget next year, it would be extremely beneficial to requisition for
temperature probes that could be used for the district. Students need to be exposed to
instrumentation earlier because it not only intrigues them, but it also prepares them for
high school and beyond. In addition to the temperature probes, it would be great to
incorporate simulations found on the Internet like the “Energy Conversion in a System
Gizmo,” which directly relates to energy transfer.
Source: www.NSTA.org
http://www.scilinks.org/retrieve_outside.asp?sl=9263565510111066&display=core_cont
ent
Also, a diagram of the Earth and what happens to the Earth’s plates due to convection
currents in the mantle would be a great opening simulation at the beginning of the unit.
Students would have to watch the animation and describe all the different processes that
are taking place due to convection. Not only would this be a great way to begin a class
on heat transfer and the movement of heat, but it is also a great connection of the seventh
grade curriculum to the eighth grade curriculum. This could also be a great way to
review some of the material/content found on the MCAS.
Source: http://education.sdsc.edu/optiputer/flash/convection.htm
Both simulations would be an effective way to enrich the unit, but the first simulation
would require extra time. This simulation might be a great tool for students who are
getting ahead and have extra time to enrich their knowledge on heat and energy transfer.

