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�Building Better Coffee Cups�

Subject:
• Integrated Science

Level:
• Grades 9 - 12

Abstract:
• In this unit, the students will learn how to calculate the gain or loss of heat

energy (Q) from an open system.  The students will first learn what
temperature is and how it differs from other things that scientists measure
(like mass, length, or volume).  The students will then learn how scientists
built the first thermometers and established a standard by which people can
uniformly measure temperature. Then the students will be introduced to the
concept of specific heat (sp.ht.) of a substance (the amount of energy it
takes to raise 1 gram of a substance 1 degree Centigrade).  

• The students will discover through careful measurements that a milliliter of
water has a mass of one gram (that�s the way the metric system was set
up). The students will measure the change in temperature (∆ T) of a
substance over a period of time.  With this information, the students are
now ready to calculate Q, the amount of energy that is lost (or gained)
when a measured volume of water changes temperature over time.  

• The students will be then be challenged to come up with ways that heat
loss from a liquid to the environment can be slowed down.  This will
involve teacher-led discussions of how heat flows from one substance to
another and what makes a good conductor of heat or insulator of heat.
When the teacher is convinced that the students have good background
knowledge (through discussion and worksheets) of ∆ T, specific heat, the
relationship between the mass and volume of water, calculating Q, and
the concepts of conductors and insulators, the teacher is ready to
introduce the student to the coffee cup project. Student teams will use
the background information on heat transfer as they design, build, and
test a �better coffee cup.�  



2

Invitation:
What is the most widely used stimulant in the world?  (Hints: It is legal,
used in school by students and adults, helps many people stay �regular�.
Spanish conquistadors in South America first discovered it, and is worth
more then all the gold discovered in the �New World�.)

If you could engineer a product that would provide a better way to deliver
this stimulant to people, would people want this more efficient delivery
system?

You bet!

What is this stimulant? Expect many answers and as they are offered, see
if they fit the descriptors above.  For example, students may say beer
(not on campus), chocolate (doesn�t keep people regular), or sugar (not a
new world plant)

It�s coffee!

Coffee originates from South America. It is a New World plant.  When the
Spanish first came to Peru, the daughter of an Incan priest fell in love
with a Spanish soldier and wanted to marry and leave her father to go
with this soldier.  The father forbade his daughter to leave.  To prove her
love to this soldier, the priest�s daughter gave the soldier a gift � two
coffee plants. This was a crime punishable by death.  Coffee was a drink
of the high priests and gods.  The Spanish soldier left Peru and stopped
next in Sumatra, where coffee production was introduced. Coffee left the
Andes of Peru and began its spread around the world. Coffee is now
grown in many tropical locations around the world.  Today coffee is drunk
around the world.  One need to look only at the number of coffee shops in
any town to see how popular coffee is in our American culture today.

Some engineers use science to design products to make our lives more
enjoyable.  Business people then sell these products to the public.  In this
unit, you will first learn some basic science concepts about heat transfer,
and then you will apply these concepts about heat transfer with specific
marketing criteria to engineer and build a better coffee cup. This project
may lead you to a product you could actually market and from which you
could derive profit.  (Fed Ex was an idea that arose from a graduate
business class � stranger things have happened.)  You will experience
how scientists must interact and communicate with other business
professionals to develop products that are desirable to the public.  
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Situations:
• Where: This unit will occur in an Integrated Science classroom, a Physics

classroom, or perhaps a Chemistry classroom.  This unit may also be
taught as a cross curricular unit with a Business class, an Engineering
class, or an Art class (such as ceramics).

• When: The unit will occur in class, at school, and at home.  

• How Long: This unit will take two weeks, including assessments. This
unit is very rich and can be extended in a number of ways, depending on
the amount of time the teacher and students wish to allot to this project.
Students will experience first hand the application of science concepts to
a real life situation.  Students will also experience how just knowing the
science is not enough in bringing a product to the market.  True success
involves the integration of many skills and no single skill is enough to
stand by itself. 

Tasks:
• Task 1:

The teacher asks students to write down on a piece of paper if the room
is too hot, too cold, or just right.  Students are then asked to hold up
their answers and have other students read the answers.  There will be
some answers that vary.  
• The teacher will ask the students why there are different answers?

(Some of us like it cooler then others.)
• The teacher will ask the students how cool the room should be?

(Answers will vary but most will refer to a temperature in degrees C or
F.)

• The teacher will ask the students how we measure temperature? (With
a thermometer.) How did we measure temperature before there were
thermometers? (By using descriptive or qualitative terms, not
quantitative terms.) The teacher will ask the students when was the
thermometer invented? How? By whom?  The teacher will let students
research the answers for extra credit.

• Task 2:
The teacher asks the students, how they would make a thermometer?
What are important states of matter we might use as references for
making a thermometer?  The teacher guides the students to use water as
a standard substance (it is everywhere and essential for life) and to use
its three states as references to temperature � namely the temperature
at which water freezes (solid) and the temperature at which water
evaporates into a gas (steam). The teacher should point out that water
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does not get colder then freezing or warmer then steam.  However, water
does get colder or warmer between these two states of matter � when
water is a liquid.

• Task 3:
The teacher may choose to show how the first thermometers were made
or may use a regular alcohol thermometer to demonstrate that a
thermometer measures heat by measuring how much the liquid inside the
thermometer expands (temperature going up) or contracts (temperature
going down) when the thermometer is placed into another substance. 

• Task 4:
The teacher asks the students why the liquid is expanding and what
expanding means.  Students put out ideas and the teacher identifies the
correct ideas.  The liquid is expanding because the molecules of liquid are
moving faster and the space between the molecules is increasing.  The
molecules of liquid in the thermometer are moving faster because of
conduction. The molecules in the substance whose temperature is being
measured collide with the glass molecules in the thermometer and cause
the glass molecules to move faster.  The glass molecules collide with the
molecules of alcohol inside the thermometer and cause them to move
faster.  As the alcohol molecules move faster, the space between them
increases and the alcohol expands.  The students �see the temperature
rising.�  Students will write in their notebooks on the question �What is
temperature, how do we measure temperature and what are we actually
measuring.�  The student ideas can be used to begin the next class
period.

• Task 5:
The teacher has a few students read the answers to the previous
question.  The students should answer that temperature is an INDIRECT
measurement of the motion of molecules in a substance, that is, the
volume of liquid due to the increased energy.  The motion of the
substance�s molecules must first be transferred to the molecules of
alcohol inside the thermometer. A thermometer measures the motion of
the molecules of alcohol inside the thermometer. The teacher asks
students for any additions or corrections to the answers.  

The teacher then asks the students to predict and then observe what
happens when 100 ml of cold water is added to 100 ml of hot water.  The
temperature of each 100 ml of water is measured and the two volumes of
water are combined.  Student predictions are written on the board.  The
teacher asks the students what predictions can be made about the
temperature of the water.  (It is the average of the two starting
temperatures.)  The students are asked what is the resulting volume of
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water. (200 ml)  What is the mass of the water?  The teacher measures
the mass of the 200 ml of water (and finds it to be 200 gm).  

The teacher asks students to think about their observations and then
write a paragraph in their notebooks about how temperature differs from
mass and volume when added. Students share their thoughts.  The
teacher needs to direct the discussion to the fact that certain properties
are additive (mass, length, volume), but temperature is the AVERAGE
motion of all the molecules.  Students are asked how they would define
temperature-the average motion of molecules in a substance. The teacher
may want to point out that energy is the total motion of molecules in a
substance.  Students are also asked what is the relationship between
volumes of water (ml) and masses of water (gm).   Students can test
their answers by having the teacher add different volumes and masses of
water and determining their final volume and mass.  Students will find
that water volume in ml equals water mass in gm.  (Initial and final
temperatures can be measured also to reinforce the average nature of
temperature.) 

• Task 6:
Students now will be introduced to the concept of specific heat.  The
specific heat of a substance is defined as the amount of energy it takes to
raise the temperature of 1 gm of the substance 1 degree C.  The teacher
should explain to the students that certain constants or references were
agreed upon when the metric system was invented.  They have
discovered one constant already � that 1 ml of water is equal to 1 gm of
water.  The teacher could also mention that 1 ml of water is also equal to
1 cubic centimeter (cc) of water.  The creators of the metric system also
assigned a value to the specific heat of water of 1 calorie/gm/degrees C.
The teacher should also point out that in the metric system a calorie (c) is
defined as the amount of energy it takes to raise 1 gm of water 1 degree
Centigrade. 

• Task 7:
The teacher can now introduce the equation for heat gain or loss, which is
represented by the symbol Q.  The teacher should write out the equation:
Q = mass of material (gm) x specific heat of material (calories/gm/degree C)
x ∆ T (in degrees C).  ∆ T = Tf � Ts where ∆ T is the change in temperature,
Tf is the final temperature and Ts is the starting temperature. Temperature is
a measure of the heat in a material and Q measures how much heat energy
is gained or lost when the material changes temperature.  The teacher should
refer to the class demonstration and have the students try to calculate Q.  
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• Task 8:                                                                                                                                
The teacher should have the students write the equation for Q in their
notebooks and then ask them to decide what they need to know to solve
the problem.  First calculate ∆ T for the cold cup of water.  Let�s assume
the water temperature started at 10 deg C and ended up after mixing
with the warm water at 50 deg C.  ∆ T = 50 deg C � 10 deg C.  ∆ T is +
40 deg C.  The volume of water was 100 ml and is equal to 100 gm.
Finally the specific heat of water is 1 calorie/gm/deg C.  The problem can
now be solved. Q = 100 gm x 1calorie/gm/deg C x 40 deg C = 4000
calories.  Note that since temperature went up, heat energy was gained
and Q is a positive number.  Students may ask where this heat came
from and you can perform the same calculation on the other 100 ml of
warm water.  You will find that the warmer water lost 4000 calories of
heat energy. Students may also ask if these calories are the same as the
calories in food.  Actually, a food calorie is really a kcal or kilocalorie and
is equal to 1000 of these heat energy calories.  

• Task 9:
The teacher should assign �Calculating Q� for homework.  This work can
be started in class if time permits.  The students should also complete
�Properties of Heat.�

• Task 10:
(The teacher needs to have a big cup of coffee on the desk for class
today.  The teacher should play with the cups during the class activities.)
The teacher should check student homework for complete lists of the
properties of temperature and for completion of the Q calculations.  If the
students don�t seem to understand the properties of temperature or know
how to calculate Q, the teacher can spend some time at the beginning of
class to address these issues.  While the teacher is checking the student
work, the students should reflect on these two questions:  �Why are
cooking skillets that have copper bottoms preferred by chefs to cooking
skillets with steel bottoms?� and �Explain what happens when you leave a
pan of water on the stove to boil and forget that it is there for an hour.�

• Task 11:
The purpose of the prompts is to get the students to think about
conduction of heat through material. If the students can�t explain why
copper bottom pans are preferred, explain that the copper atoms have a
chemical structure that spreads out heat more evenly then the steel
atoms.  Copper bottom pans spread out heat more evenly to the food in
the pan, giving the chef more control over the cooking process.  The
second question will result in many descriptions of boiling water, then a
pan burning up, and then the kitchen catching on fire.  Ask the students
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why the pan doesn�t burn when there is water in the pan?  Write their
ideas on the board.  Praise the students for how many pieces they get
correct.  See if anyone can put all the pieces of the explanation together.
(The heat is transferred to the water, the specific heat of water is less
then the pan and the water molecules absorb the heat until the water
molecules are moving so fast they change from a liquid state to a gas
state.  After the water molecules have escaped from the pan, the heat
stays within the metal of the pan.  Eventually the heat builds in the pan
until the pan melts, which may cause the kitchen to catch on fire.  The
teacher should point out that the specific heat of water is less then the
pan, which is why the water boils before the pan melts.)

• Task 12:
The teacher points out how so far the class has been looking at situations
where heat has been transferred to an object.  The teacher asks the
students for situations where we want to prevent heat being transferred
to an object.  Student answers will vary, but may include touching hot
things and not getting burned, losing heat from a room, keeping food
warm, keeping their bodies warm, and keeping hot drinks warm. The
teacher asks what kinds of materials don�t allow heat to be transferred
and how do they prevent heat transfer.  Student answers will include
insulation.  Students are asked what makes a good insulator.  Write
student answers on the board.  Point out that good insulators prevent
heat from being transferred.  Heat transfer is a result of conduction of
energy from one material (atoms) to another material (atoms).
Insulators prevent or slow down that conduction between atoms.  Ask
students to think about their answers to objects whose heat we do not
want to lose and identify what types of substances are used to prevent
this heat loss.  Answers may include plastics, cloth, wood, and rubber.
These are all good insulators. 

• Task 13:
The teacher presents the introduction to the project.  The teacher asks
how do people like their coffee (hot, with cream or sugar, as a latte,
etc.).  The teacher asks students how this stimulant gets delivered to the
user (in cups, ice cream, cold drinks).  The main delivery system is a cup.
The teacher asks the students to list in their notebooks the types of
features that these cups have.  Students are then asked to share their
lists with the class.
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• Task 14:
Students will form teams of 3 to 4 students.  Each team must design,
build, and test a coffee cup with the intention of selling the cup design to
a catalogue company who will mass market the cup. The cup must
address five design and performance areas.

• The cup must hold heat better then the teacher�s generic, ceramic,
open-topped cup.  (The cup�s Q value over 15 minutes must be less
then the Q value of the teacher�s cup.)

• The cup must have some design on the outside that has a message or
meaning that the customers will identify with.  The appearance of the
cup should make the customer want to buy the cup.

• The cup must be easy to clean.

• The cup must be durable.  It must not break easily.

• The cup must be stable.  It should not fall over or spill coffee easily.

The teacher informs the students that there are two other parts of the
project.  Each team must prepare a presentation on their cup using
Microsoft PowerPoint to be shown to a potential buyer of their cup design.
The goal of the presentation is to influence the buyer to select their cup.
Presentations cannot be longer then 5 minutes.  Instructions on how to
use Microsoft PowerPoint will be given to each student.  The teacher will
also provide an outline of what must be included in each presentation.

Each team must also prepare a written report using Microsoft Word for
the engineers that work for the buyer�s company.  Instructions on how to
use Microsoft Word will be given to each student.  The teacher will also
provide an outline of what must be included in each written report.

• Task 15:
The teams will have one day to design the cup and prepare a materials
list for building the cup.  Students must make a blueprint of the cup.  The
blueprint must identify the key features of the cup, identify the materials
the parts of the cup are made of, and explain the intention of the design
and the scientific reasons that this design should work.  Students should
refer to the properties of heat that have been discussed in this unit in
their explanations.
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• Task 16:
The teams assemble the cups.  The students are responsible for bringing
the raw materials to build their cup.  The teacher may assist in finding
any building materials the students need, like tape, markers, and poster
paper. The students may also check their ideas with the teacher to see if
their ideas make sense.  The teacher will usually answer their questions
with a question to focus their thinking.  The students can be working on
their PowerPoint presentations or reports if there is any additional time
left over in class.

• Task 17:
As students begin class, the teams are given 10 minutes to make any
final modification to their cups.  Then the teacher collects all the cups,
fills them with an equal quantity of hot water (300 ml), puts
thermometers in each cup, waits for 30 seconds for the thermometers to
come to equilibrium with the liquid in the cup, takes the starting
temperature (Ts) and waits 15 minutes before taking the final
temperature (Tf).  Data for each team is put on the board as well as data
for the teacher�s cup.  Students are asked to calculate Q for their cup and
for the teacher�s cup.

The teams spend the rest of this period working on their upcoming
PowerPoint presentation and reports to the buyer for the Sharper ImageTM

Company.  The presentations should include any information that the
team thinks would convince the buyer to choose their cup over the other
team�s cups. 

Task 18:
The teams spend a class period finishing authoring their Power Point
presentations and preparing the technical reports in Microsoft Word for
the Sharper Image�s Engineering Department.  This report will include the
Q test data and results.  The teacher is available to answer any questions
about using Microsoft PowerPoint and Microsoft Word.

• Task 19:
Students present their PowerPoint presentations to the Sharper Image
buyer.  Students should be ready to answer any questions they buyer
may have about the product.  Students also submit their written reports
to the buyer.
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Interactions:
• Full Class: The entire class participates in answering certain background

questions leading to discoveries about the nature of heat transfer and
thermometers.  The class later participates in a contest to see which
group of students can design the best coffee cup.  The successful group
must also produce both a Microsoft PowerPoint presentation to a potential
buyer of the coffee cup as well as a report in Microsoft Word that explains
the engineering that has gone into the cup.

• Partners: Students are split into design teams to design and build the
coffee cups.  Student teams also must prepare both a Microsoft
PowerPoint presentation and a Microsoft Word report.  The students must
divide up these jobs to complete the assignment on time.  The students
on the team will split into partners to accomplish all the tasks assigned to
the group.

• Small Group: Each student team is responsible for completing the entire
project on time.  Students experience first hand how different members
of the team must be assigned duties and complete them on time for the
entire team to be successful.  They also experience how each team
member can act as a leader to make sure that the whole team is keeping
up with the work.

• Individual: Students do initial class work individually.  Each student
must be able to define certain ideas and perform certain specific
calculations.  Individual homework assignments must be completed
before the students can move into the culminating group project.

Standards:
• Content Area 1: Grades 9 � 12 Physics
• Students know the internal energy of an object includes the energy of

random motion of the object�s atoms and molecules, often referred to
as thermal energy.  The greater the temperature of the object, the
greater the energy of motion of the atoms and molecules that make up
the object.

• Content Area 2: Grades 9 � 12 Chemistry
• Students know how to describe temperature and heat flow in terms of

the motion of molecules (or atoms).
• Students know how to solve problems involving heat flow and

temperature changes, using known values of specific heat and latent
heat of phase change.

• Content Area 3: Grades 9 � 12 Investigation and Experimentation
• Students will formulate explanations by using logic and evidence.
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Assessment:
• Assessment 1: Student Worksheet: Calculating Q 
• Assessment 2: Student Worksheet: Properties of Heat 
• Rubric for Evaluating Microsoft PowerPoint Presentations
• Rubric for Evaluating Group Microsoft Word Reports

Tools:
• 2 100 ml graduated cylinders
• 3 500 ml beakers
• 1000 ml beaker for heating water
• 9 thermometers
• Hot plates or Bunsen burner
• Balance, measures up to 500 gm
• Generic coffee cup, hold over 300 ml of water
• Construction materials (tape, glue, scissors, exacto knife etc.)
• Markers

Project Tips and Alternatives:
• Tip #1:

This project lends itself to connections outside the classroom.  The buyer
of the coffee cups could be a community member such as an engineer, a
potter or another materials fabricator, a local coffee shop business owner,
or restaurant employee.

• Tip #2:
When measuring temperature, probe ware could be used if it is available
at the school.  Data loggers could put the data into a Microsoft Excel
spreadsheet.  The students could then format the spreadsheet to
calculate Q.  The students could also make graphs of the data.  Finally,
the students incorporate these tables and graphs into their Microsoft
PowerPoint presentations and their Microsoft Word reports.

• Tip #3:
The students could build their own thermometers using a flask, a two-
hole rubber stopper, and glass tubing. Students could measure the
position of water in the glass tube in ice water and mark this position.
Students would then mark the position of the water in the glass tube
when the water in the flask is boiling.  The distance between the marks
could be divided into 100 equal lengths.  Each length is equivalent to 1
degree Centigrade.
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• Tip #4:
Students could show their work at a local science or engineering fair or at
the county fair.  Students could also display their work at the local coffee
shop or at a coffee shop at a local university.  

Attachments:
• "Student Worksheet: Calculating Q"
• "Student Worksheet: Properties of Heat"
• "Student Worksheet: Group Presentation Guidelines"
• "The Better Coffee Cup"
• "Rubric for Evaluating PowerPoint Presentations"
• "Rubric for Group Word Reports" 
• "Step Sheet: Creating a Document"
• "Step Sheet: Creating a Table"
• "Step Sheet: Creating a Graph in Excel"
• "Step Sheet: Creating a PowerPoint Presentation"

Web Resources � Content:
• http://www.science.clayton.edu/pratte/jmp7.html.  This site is a good

source of potential follow up experiments for further exploration about
the Laws of Thermodynamics. 

Web Resources � PowerPoint:
• A list of linked web resources for PowerPoint can be found on the

PowerPoint Resources page.

Assistive Technology:
• Please refer to the Assistive Technology section for information on

methods and devices to help ensure that all students have access to the
curricula in the least restrictive environment.

http://www.science.clayton.edu/pratte/jmp7.html
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