Subject: Science (Multidisciplinary)
Developer Name: Lyn Countryman & Jody Stone

Unit Title: It’s Not Easy Going Green
Location: Price Lab School, UNI

Course Description:
This unit is designed to fit into a senior science course; one in which students have already had experience
in biology, physical science, earth science and chemistry. The topic, Going Green, draws on student
knowledge in multiple science disciplines and is designed to be a culminating science experience in
whatever course the student is enrolled in during the senior year.
Unit Context:
This unit will be most effective if taught in a science course during the senior year. The first activity, Proxy
Paleoclimatology, assumes students have skill in using spreadsheet software to manipulate and graph
data. They also need to be able to think about environmental consequences they should have been
exposed to in previous science courses. The second activity draws on their lab experiences from
chemistry. From here, students apply their knowledge from earth science and chemistry as they
quantitatively compare carbon emissions from humans to those from automobiles. In the fourth activity,
students develop a sense for their own contribution to carbon in the atmosphere and finally, in the
culminating activity, students take their knowledge “on the road” by developing public awareness
campaigns to educate the public and change behaviors.
Length of Unit:
5 to 7 class periods
Iowa Tests Core Content Standards and Benchmarks
Core Content Standards and Benchmarks
•
•
•
•
•
•
•
•

Students can understand and apply the processes and skills of scientific inquiry.
Students can draw conclusions, make inferences, and deduce meaning.
Students can reason quantitatively.
Students can interpret data from a number of sources.
Students can analyze and interpret scientific information.
Students can draw conclusions, make inferences, and deduce meaning.
Students can make inferences based on data presented in a variety of ways.
Students can interpret data from a number of sources.

ICC Essential Concepts and Skills
Concepts
•
•
•
•
•

Understands and applies knowledge of Geochemical cycles - Movement of elements/atoms
between reservoirs. (Earth Science)
Understands and applies knowledge of matter, energy, and organization in living systems. (Life
Science)
Understands and applies knowledge of conservation of energy. (Physical Science)
Understands and applies knowledge of interactions of energy and matter. (Physical Science)
Understands and applies knowledge of energy in the earth system (Earth Science)
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Skills
•
•
•
•
•
•

Identifies questions and concepts that guide scientific investigations
Designs and conducts scientific investigations
Uses technology and mathematics to improve investigations and communications
Formulates and revises scientific explanations and models using logic and evidence
Recognizes and analyzes alternative explanations and models
Communicates and defends a scientific argument

Big Ideas Addressed in Each Activity
Activity 1: Proxy Paleoclimatology
° By analyzing the last 100 years of historical data on air temperature and ice cover, in addition to
Paleoclimatology data on tree rings, ice core and coral, students will draw their own conclusions about
global warming.
° Through this analysis, students will gain knowledge and skill in data analysis using spreadsheet and
graphing software.
Activity 2: Can You Have the Greenhouse Without the Gas?
° Radiation from the sun strikes the earth warming the land, atmosphere and oceans.
° Gases in the atmosphere recycle energy back to the earth’s surface, keeping it warmer than if it did
not have an atmosphere. Some gases are able to absorb radiation better than others.
Activity 3: CAR be On Cycles
° Carbon shifts with a closed system consisting of the atmosphere, oceans, biosphere and landmasses.
These shifts are called the carbon cycle and involve natural processes.
° There are short-term shifts and long-term shifts. Student will investigate respiration and car exhaust
as two different types of short-term shifts in atmospheric carbon.
° Since the industrial age humans have been moving carbon into the atmosphere by burning fossil fuels.
Natural carbon removal (within the natural carbon cycle) cannot keep pace with this natural removal
system. Students will experiment with carbon emissions from cars as one source of increased carbon
emissions.
Activity 4: What’s Your Carbon Footprint
° A great many of the activities we engage in result in carbon being emitted to the atmosphere. This is
what is referred to as a carbon footprint.
° By exploring carbon emissions due to personal habits, students can get a sense for which activities
contribute the largest amount of carbon to the atmosphere.
Activity 5: Project GREEN: Global Reality Education for the Environment Now
° Students will use the knowledge they have gained from previous activities to develop a convincing and
unique public awareness campaign to teach the public the importance of “going green” as well as
strategies for living more in harmony with the environment.
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Rigor & Relevance Plot: It’s Not Easy Going Green

Evaluation

Synthesis

Activity 1: Proxy Paleoclimatology
By analyzing the last 100 years of historical
data on air temperature and ice cover, in
addition to paleoclimatology data, students will
draw their own conclusions about global
warming.
Activity 2: Can You Have the Greenhouse
without the Gas? Students design and carry
out experiments to answer these questions:
How does the color of the bottom on the bottle
affect the temperature changes? Do certain
gases heat up the atmosphere more than
others?

Analysis

QUADRANT

RIGOR
Application

Comprehension

QUADRANT
Knowledge in one
discipline

Application in one
discipline

Activity 3: CAR be ON Cycles
Students will collect gas from two different
carbon sources: exhalation and car exhaust.
They will test each to compare relative
amounts of carbon given off by each source
and draw conclusions about their differences.

C

Prior to Activity 1: Discuss proxy data
After Activity 2: Discuss relative % of gases in
the environment and discuss the contributions of
these gases to global warming.
After Activity 3: Cover the information: carbon
cycle, carbon “sinks” & uses of carbon by
society.
After Activity 4: Cover CO2 production by a
variety of countries
Prior to Activity 5: Cover important aspects to
conveying a powerful message

Knowledge

Activity 5: Project GREEN: Global Reality
Education for the Environment Now
Students will use the knowledge they have
gained from previous activities to develop a
convincing and unique public awareness
campaign to teach the public the importance of
going green as well as strategies for going
green.

QUADRANT

D

Activity 4: What’s Your Carbon Footprint?
Students explore the meaning of “carbon
footprint” and develop a personal profile of their
own carbon footprint.

A
Interdisciplinary
application

QUADRANT
Real-world
predictable
application

B

Real-world
unpredictable
application

RELEVANCE
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Concept Map:
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ACTIVITY 1
Activity 1 Overview: Proxy Paleoclimatology
Iowa Core Curriculum
Essential Skills/Concepts:

° Understands and applies knowledge of Geochemical cycles - Movement of
elements/atoms between reservoirs
° Understands and applies knowledge of interactions of energy and matter
° Understands and applies knowledge of energy in the earth system
° Uses technology and mathematics to improve investigations and communications
° Formulates and revises scientific explanations and models using logic and evidence
° Recognizes and analyzes alternative explanations and models
° Communicates and defends a scientific argument

Big Ideas

° The proxy data sets on climate via ice core components, skeletons of tropical coral
reefs, extracted ice cores from glaciers and ice caps, and buried laminated sediments
from lakes and the ocean, as well as fossil pollen can provide long-term historical data
on climate change.
° Current changes in glaciations, Antarctic ice cover and temperature change indicate the
atmosphere is warming.
° One’s own conclusion should arise from analysis of data and be backed with
justifications from that data.
X Encourages
X Teaches for
X Develops global
collaboration in
understanding
perspectives
learning
Student centered
X Develops conceptual
X Provides authentic
and/or procedural
learning
knowledge
X Teaches through
X Assesses for learning
X Incorporates current
problem solving &
technology
inquiry
Remembering
X Applying
X Evaluating
X Understanding
X Analyzing
Creating
Isolated within
X Connected to other
Connected to student
discipline
disciplines
lives
X Connected within
X Has value beyond
discipline
school purposes
X Using the literacy process for inquiry
Increasing reading volume
X Increasing access to print
X Engaging students with texts
X Involving students in discussion
Reading aloud in content areas
Increasing reading fluency
Explicitly instructing in vocabulary and
comprehension
X Writing to learn across content areas

Characteristics of
Instructional Core

Cognitive Domain
Connections to Students’
Lives
Support for Literacy

Class Time

2-3 class periods

120 total minutes
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Materials & Set-up:
In this activity students will analyze five data sets: three of which are long-term observational data
and two are large proxy data sets. In analyzing this data students should be able to answer the following
questions:
1. What is happening historically and recently with global temperature?
2. What is happening historically and recently with global CO2?
3. What is happening recently to the arctic ice thickness?
Students will need to have access to the data sets, which are provided in Microsoft ExcelTM files at
the web site http://ists.pls.uni.edu/~stone/model%20core/model_core_going_green_uni.htm. This will allow
students to manipulate the data and prepare graphs. Students need to be familiar with the graphing
capabilities of this software and how to enter data.
Materials:
Copies of the data sets
Computers with printing capabilities & Microsoft ExcelTM loaded.
Tree cross-sectional cuttings (one/2 students)
(Christmas tree cross sections are often cut to increase water absorption. These can be
collected by students and given to the instructor. One can go to places that sell trees and
collect several. They keep for a long time and provide great cross-sections to look at tree
ring data.)
Background Information:
Scientists study how the Earth's climate is changing via satellites, instrumental records, historical
records and proxy data. The first three sources contain real-time data collected for the most part over the
last 150 years, back to the 1700s. Some historical records from grape growers in Europe can extend the
temperature record back to the late 18th century. These records show how the Earth's global average
temperature has increased by approximately 0.5 degrees centigrade or 0.9 degrees Fahrenheit, but they
don’t provide a long-term picture of the temperature trends. If students are to understand global warming,
they need to understand that looking at temperature records only during recorded temperature history is not
enough to see the global trends. It is important to also look at temperature records over a longer period of
historical time, to determine how much of this warming is a natural and how much is due to human
activities. This can be done using proxy data. The term “proxy” means the authority to represent
something else.
Paleoclimatologists gather proxy data from natural recorders of climate such as tree rings, ice
cores, fossil pollen, ocean sediments, and corals. To analyze this data, scientists must accept one
assumption: the processes we observe now are the same processes that functioned throughout the earth’s
history. For example: tree rings today are influenced by climatic conditions. The width, density, and
chemical composition reflect the length of the growing season, the amount of water available and the
temperature conditions present. Scientists must make the assumption these same conditions can be
determined by analyzing historical tree rings. Since trees growing in a temperate region have one growing
season, they tend to produce one ring a year and thus can provide information about climate. Trees can
grow to be hundreds or thousands of years old and therefore contain annual proxy records of climate for
centuries to millennia.
One doesn’t need to cut a tree down to investigate its rings. Instead,
6
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paleoclimatologists use a hollow drill to remove a cylindrical sample of the tree, called a tree core. Cores
are taken of other sources to obtain additional proxy data.
There are several places on earth where ice has been undisturbed and has accumulated over
millennia: high mountain glaciers and polar ice caps. Ice cores can be taken from these areas and
scientists can look at the dust, air bubbles and isotopes of oxygen to interpret the past climate of that area.
Cores from the sediment of long standing bodies of water such as large lakes or oceans can be
taken. These cores provide a record of fossil pollen. All flowering plants produce pollen. This pollen is
unique to the plant that produced it. If we know the plants that were present and we know the climates that
these plants are found in today, we can use this pollen to estimate the historical climates at the time in
which the sediment was deposited. Since billions of tons of sediments are deposited each year, cores
taken from the ocean floor can be analyzed for other fossils and chemicals adding to the interpretation of
the past climates.
The last major piece of proxy data comes from coral. Corals are sessile ocean animals that build
hard skeletons from calcium carbonate, a mineral extracted from seawater. These carbonate skeletons
contains isotopes of oxygen, as well as trace metals, that can be used to determine the temperature of the
water in which the coral grew. These temperature recordings can then be used to reconstruct the climate
when the coral lived.
In this activity students will analyze five data sets: three of which are long-term observational data
and two are large proxy data sets. Four of these data sets are observational data from observations of:
CO2 concentration from 1952-2004 1 on the Hawaiian Island of Mauna Loa, monthly mean temperatures for
a northern county in Sweden from 1802-2002 2 , Northern Tanana temperature readings in Canada 3 and the
thinning of the Arctic sea-ice cover from 1958-1997 4 . One of the large proxy data sets comes from Vostok,
using the Antarctica ice core measuring Temp 5 & CO2 6 for 414, 000 years BP (before present) and the
other comes from a combined data set using tree rings, ice cores, corals and historical documents showing
1

C.D. Keeling, T.P. Whorf, and the Carbon Dioxide Research Group, Scripps Institution of Oceanography (SIO) University of
California, La Jolla, California USA 92093-0444, May, 2005. Atmospheric CO2 concentrations (ppmv) derived from in situair
samples collected at Mauna Loa Observatory, Hawaii. http://cdiac.ornl.gov/ftp/trends/co2/maunaloa.co2

2

P. Klingbjer and A. Moberg. 2003. A Composite Monthly Temperature Record from Tornedalen in Northern Sweden, 18022002. International Journal of Climatology. Vol 23 Number 12. P. 1465-1494.

3

The National Snow and Ice Data Center, Tanana River Ice Annual Breakup Dates http://nsidc.org/data/nsidc-0064.html
D.A. Rothrock, Y.Yu, and G.A. Maykut. 1999. Thinning of the Arctic Sea-Ice Cover. Geophysical Research Letters, American
Geophysical Union. Vol. 26 No. 23, P. 3469-3472. http://psc.apl.washington.edu/thinning/Rothrock_Thinn.pdf

4

5

Petit J.R., Jouzel J., Raynaud D., Barkov N.I.,
Barnola J.M., Basile I., Bender M., Chappellaz J., Davis J., Delaygue G., Delmotte M., Kotlyakov V.M., Legrand M., Lipenkov
V., Lorius C., Pépin L., Ritz C., Saltzman E., Stievenard M., 1999, Climate and Atmospheric History of the Past 420,000 years
from the Vostok Ice Core, Antarctica, Nature, 399, pp.429-436.
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/vostok/deutnat.txt

6

Petit J.R., Jouzel J., Raynaud D., Barkov N.I.,
Barnola J.M., Basile I., Bender M., Chappellaz J., Davis J., Delaygue G., Delmotte M., Kotlyakov V.M., Legrand M., Lipenkov
V., Lorius C., Pepin L., Ritz C., Saltzman E., Stievenard M., 1999, Climate and Atmospheric History of the Past 420,000 years
from the Vostok Ice Core, Antarctica, Nature, 399, pp.429-436.
http://www.ncdc.noaa.gov/paleo/icecore/antarctica/vostok/vostok_co2.html
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how much the temperature has varied from the mean temperature in the Northern & Southern Hemisphere
from 1000 – 1991 7 . Students should also look at the graphs of the ice breaking in the river Tornio
(Finland). 8 This data spans more than 300 years. The Tomionjoki is a border river between Finland and
Sweden and is the last un-harnessed (not used for energy production) larger river in the Baltic Sea region.
For reasons of travel and trade, the date of ice breaking has always been important to the region. This is
why the ice breaking dates have been documented since 1693. Many of these data sets show the rising of
global temperatures and CO2 levels. The thinning of the Arctic sea-ice cover demonstrates one
consequence to this increase in temperature along with the ice break-up dates for rivers.
Teaching Tips:
You will need to talk to the students about historical and proxy data. A great way to talk about proxy data is
to have students look at cross-sectional tree cuts. Have them observe the cut and generate observations
about the number of rings, the width of the ring and/or the color of the ring. Once these observations are
made have students predict what environmental conditions caused these differences. Give the students
the year the tree was cut down and have them predict when it was planted. Have them track from this point
and predict what the environmental conditions were for each year. You can learn more about tree rings at
the NASA web page for Athena Curriculum Earth at the website:
http://vathena.arc.nasa.gov/curric/land/global/treegraf.html. This website not only provides you with
background information about how tree rings can serve as proxy data for climate, but provides you with
lessons and accompanying data students can graph and analyze so they can construct their own
understanding of this concept.
Once students have a solid understanding of proxy data they are ready to start analyzing data sets.
Distribute one data set to a pair of individuals. Some data sets are much larger than others. If one group
gets done analyzing their data set while other groups are still working, assign this group another data set to
analyze. It would be good to have more than one group analyze each data set. When the groups doing
the same data set are both finished analyzing the data, they should meet and confer, comparing their data.
Explain to students that this meeting’s purpose is to allow them to present their findings to the other group
and receive critical feedback from the other group. After this meeting each group is encouraged to return to
their data and make changes based upon this feedback. You might have your students practice providing
feedback in a supportive but critical fashion. This is an essential life skill for your students.
Encourage students to analyze the data to identify trends. Expect students to perform a line graph
of the data over time, but push students to take the data, manipulate it (i.e. combining, averaging, finding %
change) and graph the result. Working with the mathematics teacher who also works with your students,
enhances this unit as the math teacher can be addressing content in manipulation of data. When everyone
is finished with their data analysis meet as a class and allow each group to present its findings.
7

P.D. Jones, K.R. Briffa, T.P. Barnett, and S.F.B Tett, 1998, “High-resolution Palaeoclimatic Records for the last Millennium:
Interpretation, Integration and comparison with General Circulation Model Control-run Temperatures”, The Holocene 8, 1998,
455-471. http://www.ncdc.noaa.gov/paleo/recons.html then go to Global Temperature (PCA: Tree-rings, Ice Cores, Corals,
Sediments, Historical), 1000 Years, Jones et al. 1998
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/contributions_by_author/jones1998/jonesdata.txt

8

Evolution of the Ice-breaking Date in the River Tornio (Finland)Source Trends in the Finnish Environment 1997.
http://www.grida.no/climate/vital/31.htm
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Teacher Tasks

Student Tasks

• Circulate around the room helping students with

• Students will work in groups of two and will
graph & analyze at least one data set two
different ways.

• Ask questions focusing students on what they

• Each group analyzing the same data set will

initial computer issues.

think are the best ways to analyze the data for
trends. Remind students of the need to
manipulate the data and graph the results in
addition to graphing the simple change over time.

meet and confer prior to finishing their data
analysis. The point of this meeting is to
provide supportive but critical feedback to
each group.

• If any groups are done early and have met with the

other group assigned to the same data set then
assign the finished group another data set to
analyze.

• Monitor the groups and ensure that each is on

task.

• Ensure the groups analyzing the same data have a

chance to meet and confer. If a group needs to
reconsider their analysis after this meeting, allow
this to happen. At this meeting both groups should
provide critical feedback to the other.

• Students support each other by offering

suggestions for additional analysis and
critically reflecting on each other’s work.

• Monitor the feedback at the group meeting and

facilitate the supportive but critical analysis of each
group’s work.

• Assist students as they interpret their data and

answer the Summing Up questions.

• Each group will complete the Summing Up

questions.

Differentiation Tasks
Less-Than-Proficient
Prioritized vocabulary, skills, concepts: proxy data, climatology, ice cores, tree rings, atmospheric
gases, and climate.
Suggestions for supplemental instruction
• Distribute data sets to ensure successful data analysis from each individual. Some data sets are
more simple to analyze than others. The difficulty is gauged by the number of data points, span of
data set, clarity of data units, and ease of data manipulation. The following three data sets will be the
simplest for students to analyze and are listed from least difficult to most difficult. This will assist you
in assignment of data sets to appropriate groups.
° Arctic Ice Thickness (least difficult)
° Mauna Loa CO2 concentrations
° Northern Norway Temperature Readings
9
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• Prepare an Excel TM help sheet that will assist those students in need of additional help in getting
started using ExcelTM. (Internet resource for Excel http://www.usd.edu/trio/tut/excel/ )
Highly Proficient
Suggestions for supplemental instruction
• The following three data sets are more complex and are listed in order of increasing complexity. This
will assist in assignment of data sets to appropriate groups.
° Vostok Ice Core Data on CO2 concentration
° Vostok Ice Core Data on Temperature
° Multi-Proxy Data on Temperature (most difficult)
• Once students have completed the data set analysis, challenge them to conduct an internet search to
see if their conclusions agree with scientists.
Assessment:
Formative Assessments:
° Pre-assess students’ understanding of the use of graphs and work with those students who have graphing
difficulties so that the skill does not interfere with the opportunity to learn and demonstrate understanding of
the concepts.
° Monitor student engagement throughout the activity to make active involvement an explicit part of the
assessment. In addition, provide ongoing guidance and feedback to individual students as points of
confusion are observed. Asking probing questions, even to those students who appear to have a strong
understanding of the concepts being taught this, will help strengthen understanding.
° Addressing points of confusion related to managing and graphing large data sets will help students
understand the concepts and clear up misconceptions as students progress through the activity.
° Ask students regularly what evidence (data) they are using to support their claim. Frequently use accurate
student work to showcase how to support ideas with justifications from data for those students who need
models of how to argue from evidence.
Summative Assessments
° Each student group will be presenting their data to the class and answering questions posed by the class.
Assess students on their presentation of data, answering of questions and involvement of all group
members.
° Student responses to the Summing Up questions serve as the assessment for this activity. It is best to
allow students the opportunity to make corrections to any incorrect or weakly formulated Summing Up
answers where necessary. They will receive teacher guidance on this, but may also prefer to work with a
partner in trying to make their corrections.
° Sample Answers to Summing Up:
1. Graphs of some of the data sets can be found at:
Mauna Loa CO2 concentrations < http://www.grida.no/climate/vital/06.htm>
Tornedalen Temperature – shows a gradual increase
Thinning of Arctic sea-ice < http://www.grida.no/climate/vital/30.htm>
Vostok Ice Core CO2 and temperature data < http://www.grida.no/climate/vital/02.htm>
Multiproxy data
10
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Ice Break-Up Data for River Tornio < http://www.grida.no/climate/vital/31.htm>
2. Accept any manipulated data graphs that are logical and show a clear or different pattern to the
data. Students may wish to combine the data into “data clumps” (i.e. on the temperature data
they may generate means for similar time frames; every decade or in the case of the proxy data
every 500 years.) or look at percentile increases.
3. Each written analysis should provide specific conclusions about the data and should reference
specific data points or trends shown on their table. Students should not speak in generalities
only but need to back up their conclusions with specific data. Students should also provide some
explanations as to what might be happening in the environment to “cause” these changes in the
data.
4. Predictions should be supported by an extrapolation of the data graphed.
5. Students should be able to provide a summary of conclusions drawn by each data set.
6. Students should be able to provide three environmental consequences of the changes that have
been described in the data sets.
Reflect:
After completing this activity students had a good understanding of how proxy data is used in
science. They were able to explain their data in the class discussion and the following trends were noted:
Arctic ice depth has decreased dramatically in the last 50 years, CO2 levels have been fluctuating
throughout the millennium but are strongly correlated to temperature (Vostok), the Tornadalen
temperatures are increasing, and the recent atmospheric CO2 concentrations are increasing [The mean
concentration has gone from 316 parts per million by volume (ppmv) in 1958 to 369 ppmv in 1998 (Mauna
Loa)]. Students were perplexed that CO2 and temperature fluctuated throughout history as measured at
Vostok and for the large multi-proxy data. They expected to find that these levels would always be
increasing. Make sure students see the strong correlation between increases in temperature and increases
in CO2 concentrations. It is important for students to understand that we are in a period of temperature &
CO2 concentration increase.
Attachments:

11
© 2008 Iowa Department of Education

Feb. 25, 2008

Student Page/Handout

Proxy Paleoclimatology
Or Using Scientific Data to Plot Global Warming Trends

Problem: What is proxy data and how can it be used to look at historical trends in temperature and CO2
Materials: Data Sets from
• Mauna Loa CO2 concentrations
• Northern Norway Temperature Readings
• Arctic Ice Thickness
• Vostok Ice Core Data on CO2 concentration
• Vostok Ice Core Data on Temperature
• Multi-Proxy Data on Temperature
Procedure:
You will be given a data set by your instructor. This data set has been collected by scientists. Your
data is provided in Microsoft Excel format. Your job is to analyze your data to look for patterns and make
conclusions based on that analysis. Look over your data and look for obvious patterns. One good way to
find patterns is through graphing. Once you have made your initial graph of your data you will need to meet
with the other person(s) who are also looking at the same data set. During this meeting you need to share
how you have analyzed and graphed your data and your preliminary conclusions with the other person(s)
and they will share their information with you. Each individual/group needs to provide supportive criticisms
and analysis of the other. Once you have met you may choose to go back and revisit your original graph,
analysis or conclusions. You must also examine and graph your data from a new perspective. For each
data set you need to complete the summary questions.
Summing Up:
1. Provide a graph of your data set. Make sure your graph is complete.
2. Analyze your data set from a different perspective and graph it from this new perspective.
3. Write a written analysis that provides specific interpretation of the data and references specific data
points. Explain what might be happening in the environment to “cause” these changes in your data.
4. Predict what you think will happen to your data if it were collected for another 100 years.
5. After the class discussion of all the data sets write a short synopsis of the summary of each data
set.
6. If your data continues to change as it has in the past, propose three logical environmental
consequences of this change.

ACTIVITY 2
Activity 2 Overview: Can You Have the Greenhouse without the Gas?
Iowa Core Curriculum
Essential Skills/Concepts:

o Understands and applies knowledge of interactions of energy and matter
o Understands and applies knowledge of energy in the earth system
o Designs and conducts scientific investigations
o Uses technology and mathematics to improve investigations and communications
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o Formulates and revises scientific explanations and models using logic and evidence
o Recognizes and analyzes alternative explanations and models
o Communicates and defends a scientific argument

Big Ideas

Characteristics of
Instructional Core

Cognitive Domain
Connections to Students’
Lives
Support for Literacy

Class Time

o The amount of temperature change in the “atmosphere” of an enclosed container is
affected by the kind of gases in that container.
o Energy must be radiated from earth’s surface in the form of infrared radiation to
adversely affect the atmosphere’s temperature.
X Encourages
X Teaches for
Develops global
collaboration in learning
understanding
perspectives
X Student centered
X Develops conceptual
X Provides authentic
and/or procedural
learning
knowledge
X Teaches through
X Assesses for learning
X Incorporates current
problem solving &
technology
inquiry
Remembering
X Applying
Evaluating
X Understanding
X Analyzing
Creating
Isolated within
Connected to other
Connected to student
discipline
disciplines
lives
X Connected within
X Has value beyond
discipline
school purposes
X Using the literacy process for inquiry
Increasing reading volume
Increasing access to print
Engaging students with texts
Involving students in discussion
Reading aloud in content areas
Increasing reading fluency
Explicitly instructing in vocabulary and
comprehension
Writing to learn across content areas
2 class period(s)

100 total minutes

*Adapted from an activity Global Warming Activities for High School Science Classes, Rosenthal and Golden, 1991.

Materials & Set-up:
In this activity students will have the opportunity to design their own experiments to answer two
research questions.
1. How does the color of the bottom on the bottle affect the temperature changes?
2. Do certain gases heat the atmosphere more than others?
Materials:
Temperature probes
Clear, plastic 2 L bottles
Hydrogen peroxide
Vinegar
Corks, stoppers, clay, cork borers

Flat black paint
Sources of CO2, O2 and possibly other gases
Manganese dioxide
Baking soda
Safety goggles

Advanced Set up:
The standard testing device for this experiment will be 2 L clear plastic bottles with a temperature
probe inserted through a tight-fitting stopper. You will need to have two to three 2 L bottles for each pair of
students. Temperature probes work best for this lab, but if not enough are available regular classroom
13
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thermometers work also. Students need to devise their own method for trapping the gas in the bottles
while allowing the thermometer to extend into the test bottle. Students are most likely to use modified caps
or one-hole stoppers or corks to accomplish this. Allow them to tinker with the design. Slight differences in
temperature caused by using different thermometers can significantly affect the results, so make certain
that thermometers or temperature probes used by the different groups of students have the same readings
at the beginning of each experiment. Get students to think about this by asking questions. If a student
suggests using black soil in the bottom of the bottles instead of painting the bottom black, discourage this.
The thermal mass of the soil will mask the effects of the different gases. In addition, notice the surface on
which students are setting their bottles for this first experiment. If they set it on a black table, be sure to ask
appropriate questions to get them to realize that this might be a problem. Setting them on a white piece of
paper works well, but this needs to be the students’ own idea.
This activity works best using real sunlight. The process you want to illustrate is that the sun’s
radiation must first be converted to infrared radiation in order to heat the atmosphere. The black bottom of
the bottle will ensure this occurs, as black absorbs all wavelengths of visible light and will emit infrared
radiation (heat), thereby warming the gas inside the bottle. Without the dark surface, significant warming
will not occur. If regular lamps are substituted for the sun, they will be emitting infrared radiation (heat)
already. Not only will the dark bottom not be needed, the students will miss discovering the answer to
research question 1.
Background Information
Students (and the general public) have many misconceptions about “The Greenhouse Effect.” This
may be due to the fact that the name comes from an incorrect analogy with the warming that occurs inside
a greenhouse compared to outside. The Greenhouse Effect is not as simple as many believe. The sun’s
energy strikes the earth’s atmosphere in the form of electromagnetic radiation. This is comprised primarily
of visible light and near-infrared light, with a small percentage of ultraviolet light. The visible solar radiation
mostly heats the surface, not the atmosphere. The infrared radiation emitted by the heated surface of the
earth is mostly absorbed in the atmosphere by greenhouse gases and clouds and does not escape directly
to space. The details of the Greenhouse Effect are far too complicated to cover in most high school
classes, but be aware that there is much more to learn about the Greenhouse Effect than will be touched
upon in this activity. Without the Greenhouse Effect the temperature fluctuations on our planet would be
too extreme to support life as we know it and the earth’s average temperature would be much colder.
Thus, the Greenhouse Effect is vital to our existence. Global warming, a recent warming of the Earth, is
believed to be the result of increased concentrations of greenhouse gases in the atmosphere. Greenhouse
gases are carbon dioxide, methane, nitrous oxides, ozone (in the lower atmosphere), water vapor and
CFCs.
Teaching Tips:
To answer research question 1, the bottoms of some bottles will need to be painted black. Have
other colors of paint available for students to test. You may want to do this ahead of time by simply
painting the outside of the bottoms of some of the bottles. This will save drying time during class.
For research question 2 students may need to look up how to produce common gases such as
carbon dioxide and oxygen. They may have done this in previous science classes. Do not allow students
to use methane or hydrogen gas, as these are flammable. Students may also need to research the
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percentages of the different gases in the atmosphere. Since air is approximately 70% nitrogen, they are
likely to have one test bottle containing regular air. Let the kids figure this out for themselves. Carbon
dioxide can easily be prepared using vinegar and baking soda. Oxygen can be prepared using hydrogen
peroxide and manganese dioxide. Have these materials available, but wait until students ask for them.
Their research may yield other equally good recipes.
Students can research their own recipes for preparing carbon dioxide and oxygen gases. They
must also develop their own method for getting the gases into the 2 L bottles, while also thinking about the
amounts of gases they want to test. Since air contains an average of 78% nitrogen, students can simply
test an air filled 2 L bottle labeling it “78% nitrogen.” One method for getting the gas into the 2 L bottle is to
fill the bottle with water and invert it in a bucket of water. By mixing the vinegar and baking soda in a flask
with a stopper containing one hole and plastic tubing, students can divert the gas into the water filled bottle.
The water will be displaced as carbon dioxide enters the bottle. Students can choose the % CO2 they want
to test by looking at the relative amount of water displaced. By marking volumes on the side of the bottle
prior to bubbling gas into the container, students can measure relative amounts of the gases added to the
bottle. Resist the urge to provide students with too much information. Instead, ask well placed questions to
get them thinking about testing for realistic amounts of carbon dioxide.
Students are also likely to want to test oxygen’s effect on temperature change. There are several
possible simple ways to prepare samples of oxygen gas. Hydrogen peroxide and manganese dioxide is
one simple method for generating oxygen that is relatively inexpensive. Again, students will need to decide
the amounts of oxygen they wish to test.
Make sure students have their experiments outlined and procedures organized prior to beginning
their experimenting. If they have never made and captured gases before, you will need to provide some
instruction on how to do this. It is not necessary to fill the entire 2 L bottle with the experimental gas, but it
is important for students to use the same amount of the CO2 and O2 gases for control purposes.
Sample Data for Research Question 1:
Bottle set-up
Initial Temperature
Bottle on white paper
23.0 °C
Bottle with black bottom 23.0 °C
Sample Data for Research Question 2:
Bottle contents
Start temperature
Room air
CO2
O2

24.2 °C
24.2 °C
24.2 °C

End Temperature
25.5 °C
27.8 °C

Temperature Change
2.5 °C
4.8 °C

End temperature

Temperature Change

27.0 °C
29.2 °C
27.1 °C

2.8 °C
4.0 °C
2.9 °C

Teacher Tasks

Student Tasks

• Set up this problem by asking students what they

• Students enter into the discussion, and will

know about the greenhouse effect and greenhouse
gases.

likely provide some information that is correct
and some that is incorrect.
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• Teacher accepts all student ideas, alluding to the

fact that they are likely to get confirmation for
some of these ideas, some new concepts and that
some of their ideas will not be supported by the
data they collect. Make a mental note of
misconceptions so they can be addressed later.

• Circulate around to each working group, making

• Work in groups to develop your plan for

• Make sure students generate gases using safe

• Students work on answering research

certain they are controlling variables in their
experiments, preparing data tables ahead of time
and recording units and appropriate decimals on
their data.
methods. They should wear safety goggles for this
portion of the lab. Practice good questioning as
students are experimenting with developing a good
method for placing the gas in the 2 L bottles.
Resist the urge to give answers.

• Assist students as they interpret their data and

answer the Summing Up questions.
• Pull the class together for a discussion of findings,

discussing student responses to the Summing Up
questions, addressing lingering misconceptions
and providing additional information about the
details of the greenhouse effect.

answering research questions 1 and 2.
Students focus first on research question 1,
setting up the lab, constructing a data table
and finally collecting the data.
question 2, including doing internet research to
discover which gases to generate and how.
They experiment with different designs for
getting the gases into the 2 L bottles and
decide on the details of their procedure.

• Work on interpreting the data by answering the

Summing Up questions.
• Make corrections to Summing Up questions

based on class discussion and teacher
feedback.

Differentiation Tasks
Less-Than-Proficient
Prioritized vocabulary, skills, concepts: greenhouse effect, greenhouse gases, atmosphere, infrared
radiation, controlling variables.
Suggestions for supplemental instruction
• Some students may have difficulty deciding what data to collect and how to control variables.
Providing some students with extra assistance in narrowing down their ideas for experimental
procedures and/or providing a data table will assist these students.
• The process whereby the sun’s radiation reaches the earth’s surface, is converted to infrared radiation
and is then re-emitted to the atmosphere may be confusing to some students. As you or some of your
students explain this process to the class, ask students to prepare a concept map or picture diagram
of the process.
Highly Proficient
Suggestions for supplemental instruction
• If students have not already done so, challenge them to collect additional data that will allow them to
compare gas concentration to temperature change.
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Assessment:
Formative Assessments:
° Provide ongoing guidance and feedback to individual students as points of confusion are observed.
Ask probing questions, even to those students who appear to have a strong understanding of the
concepts being taught. This will help strengthen understanding.
° Addressing points of confusion related to controlling variables early in this activity will help to ensure
that students don’t get overwhelmed by this potentially difficult concept.
° Ask students regularly what evidence (data) they are using to support their claim. Frequently use
accurate student work to showcase how to support ideas with justifications from data for those students
who need models of how to argue from evidence.
Summative Assessments
° Student responses to the Summing Up questions serve as the assessment for this activity. It is best
to allow students the opportunity to make corrections to any incorrect or weakly formulated Summing
Up answers where necessary. They will receive teacher guidance on this, but may also prefer to
work with a partner in trying to make their corrections.
° Sample Answers to Summing Up:
1. Students should find the bottle with the colored bottom heats up more than the bottle with the
clear bottom. If they try multiple colors, it will be the case that the darker the bottom, the more
heat released and the more the temperature of the gas increases.
2. Student findings related to the first research question should support the idea that the colored
bottom is needed to significantly raise the temperature of the air in the bottle.
3. The energy from sunlight comes to earth and enters the bottle as visible and near infrared light,
passing right through the plastic sides. If the energy remained in that form, it would pass right
out again and not affect the temperature in the bottle. However, the sun’s rays are absorbed
by the black paint and get converted to heat, also called infrared energy. This infrared energy
tries to radiate outward from the bottle, but cannot pass through the plastic. The trapped heat
causes the temperature to rise in the bottle. The plastic is transparent to optical light so it lets
the sunlight in. But, it is opaque too and reflects infrared radiation back inside the bottle
keeping it warmer inside.
4. Data from the second research question will vary with student groups, but should include a well
designed data table recording time and temperature values. Some students may have chosen
to record temperatures every minute whereas others may have recorded a beginning and end
temperature only. In general, their data should reveal a 2-3 °C temperature rise for the bottle
containing regular air, which is about 78% nitrogen and in the bottle containing O2. The bottle
containing CO2 should show a 4-5 °C temperature rise in the same amount of time.
5. Based on the findings students should conclude that CO2 must react with infrared radiation,
meaning that it heats up more than do both N2 and O2. So CO2 must be more of a
“greenhouse gas” than N2 and O2.
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Sample Data:
Bottle contents
Room air
CO2
O2

Start temperature

End temperature

Temperature change

24.2 °C
24.2 °C
24.2 °C

27.0 °C
29.2 °C
27.1 °C

2.8 °C
4.0 °C
2.9 °C

Reflect:
The most challenging part of this activity is overcoming preconceptions students hold about the
greenhouse effect, most of which are filled with inaccuracies. They hold strong beliefs that everything
about the greenhouse effect is bad, when in fact the earth would be a totally different place were it not for
the greenhouse effect. Balancing the benefits with the problems created by the overabundance of
greenhouse gases makes for interesting class discussion once the lab itself has been completed.
This lab was effective in illustrating the different reactions that atmospheric gases have to infrared
radiation. This visible difference is one that clearly drives home the point regarding the effects of
greenhouse gases on the warming of our atmosphere. In terms of students honing their skills at designing
and carrying out controlled experiments, students had ample opportunities to use all of the skills they have
gained in this class and previous science classes. Students who struggled with materials were easily
guided with well placed questions.
Attachments:
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Student Page/Handout
Can you have the Greenhouse without the Gas?
Problem: How can a 2 L bottle help you understand the factors affecting the warming of our atmosphere?
Do certain gases heat up the atmosphere more than others?
Materials:
Temperature probes
Clear, plastic 2 L bottles

Flat black paint
Source of CO2, and O2

Procedure:
The standard testing device for this experiment will be 2 L clear plastic bottles with a temperature
probe inserted through a tight-fitting stopper. You have two basic research questions to answer:
1. Does the color of the bottom of the bottle affect the temperature changes?
2. Do certain gases heat the atmosphere more than others?
Using the standard equipment supplied, design experiments that will answer these research questions. For
question 2 you may need to look up how to produce common gases such as carbon dioxide and oxygen.
You may not use methane, as that is not a major constituent of our atmosphere and is flammable. You
may also need to research the percentages of the different gases making up our atmosphere.
Outline the experimental procedures you will use to answer each of the research questions:
Question 1 procedure:
Question 2 procedure:
Provide your teacher with a list of the supplies you will need and get your procedure approved. Carry out
each of these experiments, making sure you record all data in a properly constructed data table. Keep in
mind that your answer to the first research question could impact the experimental design you choose to
help answer the second research question.
Summing Up:
1. Summarize your findings for the first research question.
2. Based on your data, what is your answer to research question 1?
3. Using your knowledge of electromagnetic radiation explain the significance of the color of the bottom of
the bottle.
4. Summarize your findings for the second research question.
5. Based on your data what is your answer to research question 2?
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ACTIVITY 3
Activity 3 Overview: CAR be ON Cycles
Iowa Core Curriculum

o Understands and applies knowledge of interactions of energy and matter
o Understands and applies knowledge of energy in the earth system
o Designs and conducts scientific investigations
o Uses technology and mathematics to improve investigations and communications
o Formulates and revises scientific explanations and models using logic and evidence
o Recognizes and analyzes alternative explanations and models
o Communicates and defends a scientific argument

Essential Skills/Concepts:

Big Ideas

Characteristics of
Instructional Core

Cognitive Domain
Connections to Students’
Lives
Support for Literacy

Class Time

o Carbon shifts within a closed system consisting of the atmosphere, oceans,
biosphere, and landmass. These shifts are called the carbon cycle and involve
natural processes.
o There are short-term shifts (those between plants & animals through photosynthesis
& respiration) and long-term shifts (those that involve major natural processes such
as sedimentation, lithosphere sinks, volcanic release and weathering) in the carbon
cycle.
o Since the industrial age, humans have been moving carbon into the atmosphere by
burning fossil fuels. Normal carbon removal within the natural carbon cycle can’t
keep pace so the carbon in the atmosphere (CO2) is increasing.
X Encourages
X Teaches for
Develops global
collaboration in learning
understanding
perspectives
X Student centered
X Develops conceptual
X Provides authentic
and/or procedural
learning
knowledge
X Teaches through
X Assesses for learning
X Incorporates current
problem solving &
technology
inquiry
Remembering
X Applying
Evaluating
X Understanding
X Analyzing
Creating
Isolated within
Connected to other
x Connected to student
discipline
disciplines
lives
X Connected within
X Has value beyond
discipline
school purposes
X Using the literacy process for inquiry
Increasing reading volume
Increasing access to print
Engaging students with texts
X Involving students in discussion
Reading aloud in content areas
X Increasing reading fluency
Explicitly instructing in vocabulary and
comprehension
X Writing to learn across content areas
2 class period(s)

100 total minutes
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Materials & Set-up:
In this activity students will compare the amount of carbon (CO2) produced by themselves in
respiration and the amount of carbon produced by an automobile (CO).
Materials:
0.5L disposable bottles (water bottles)
Metric ruler
flexible straws
Graduated Cylinder
2 - 250 ml beaker or Erlenmeyer flasks
0.1 M NaOH
Eye droppers
Safety goggles
Phenolphthalein
Stop watch
ice cream bucket (or gas collecting tub)
#4 rubber stopper with glass tubing & a 24 – 32 cm hose attached
For Advanced Set up - Exhaust Collection
Plastic funnel (from 5 – 8 cm wide)
Rubber hose (at least 60 – 80 cm long)
Ice cream bucket
0.5 liter disposable bottles (1 per pair of students + 5 )
Advanced Set up:
You will need to make a 0.1 M NaOH solution by dissolving 4.00 grams of NaOH in 1 L of water. It
will be easier to place these in 3 oz. plastic dropper bottles and label them so they can be used each year.
You will need to collect exhaust from an automobile in 0.5 liter water/soda bottles. This can easily
be done by attaching a rubber hose to the end of a plastic funnel. The funnel must be large enough to
cover the exhaust pipe of the automobile you are using. Fill the water bottles up with water and bring a
bucket ½ filled with water. You will be collecting the car exhaust gas by water displacement. Turn 2-3
water bottles upside down in the bucket and remove the caps. Press the funnel firmly onto the exhaust
pipe to make a seal. With one end of the tubing attached to the small end of the funnel, place the other end
under the water below the opening to one of the bottles. It will take only a few seconds to fill the bottle.
Seal the bottle quickly with the lid and fill the next bottle using the same procedure. Continue until you
have a bottle of exhaust for every pair of individuals who are completing this experiment plus at least five
extra bottles. You will need to be careful to not have the car run a long time because the tail pipe will
become too hot to collect the exhaust. It is much easier if you have another person overturning the bottles
filled with water and taking out the exhaust-filled bottles and sealing them. These bottles need to be marked
“exhaust” as the gas is colorless and can be mistaken for the CO2 they will later collect from breathing.
Background Information
There is a natural carbon balance found in the natural processes of the carbon cycle. It involves
short-term and long-term shifts in carbon. This carbon can be found in many different forms (CO2 & CO) in
the atmosphere; a variety of organic compounds in living systems & coal/petroleum deposits, carbonates in
sedimentary rocks, corals & invertebrate shells/exoskeletons and carbonate ions in the oceans. Carbon
shifts rapidly between plants and animals through respiration and photosynthesis AND through gas
exchange between the oceans and atmosphere. These are short-term cycles.
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Carbon shifts slowly as it combines with water to form a weak acid that dissolves rocks into
sediments. These sediments are carried to the ocean where some of the dissolved carbon is used in
corals or moved deep into the Earth through subduction and is released into the atmosphere through
volcanic action. These are long-term cycles. 9 Like all natural cycles, carbon is being “used,” “stored,” and
“produced” and in this process the total carbon at any one location remains fairly constant. The oceans
and land plants absorb the carbon released through natural processes.
Like other living creatures, humans are involved in the natural carbon cycle, but unlike other living
organisms, humans add more carbon to the atmosphere through the burning of fossil fuels than the carbon
cycle can mitigate and as a result the CO2 in the atmosphere rises.
Teaching Tips:
Remind students that in the previous activity, Proxy Paleoclimatology, they learned CO2 is
increasing in the atmosphere and temperature is increasing also. In Can You Have the Greenhouse
Without the Gas? students discovered of the gases they tested, CO2 caused the greatest increases in
atmospheric temperature. Ask students to think back to their biology and earth science classes. Ask them,
“What does it mean for materials to “cycle” through a system?” Ask them, “Is there a beginning or end to a
cycle, and are materials lost in a cycle?” If they have difficulty thinking about a cycle, remind them of the
water cycle. Ask them if they can think of any time that water is destroyed or lost. They should say no, but
someone might add that there are times when water is “stuck” or “moves so slowly it appears stuck” in a
certain spot on the cycle (i.e. groundwater or deep ocean reserves). The important information students
should gain from this discussion are: 1) for life to continue all things must cycle through a system so they
can be reused time and time again; 2) when natural processes are acting, the natural cycle of materials
proceeds so there is not an over abundance of any material at any one place. (Another way to think about
this is if there is an over-balance at any one time, then the cycle becomes unbalanced. Although most
systems will work to return to a balance, if the balance is disturbed to a great enough extent, the cycle will
be unpredictable.) Return the discussion back to carbon.
Ask students what they remember about the carbon cycle. Where is carbon found? Ask students
pointed questions to get them to remember carbon is found in all living things, in limestone, in the
atmosphere, and in petroleum products, to name a few. Ask them “How does carbon move through the
earth’s system?” If they have trouble with this question, ask them how plants use carbon. Students should
be able to describe how photosynthesis takes in CO2 and, with energy from the sun, turns the CO2 into
glucose and other organic compounds (carbon-based compounds). Ask students what happens with these
carbon compounds. Who uses these carbon compounds? If they are still struggling with this, ask them
who eats plants? They should be able to name numerous plant eating animals (i.e. cows, humans,
squirrels, etc.). This is a good opportunity to quickly question students to get them to remember biology
concepts such as food webs, herbivore, carnivore, primary consumer and secondary consumer and to point
out that this is also a cycle. Ask them how carbon moves through the system. Through your questioning
guide students to understand that there are short-term cycles and long-term cycles within the carbon cycle
as a whole. Help them to realize there are several sequences working in the larger carbon cycle in this
system. Some students may bring up that in Proxy Paleoclimatology CO2 has fluctuated in a regular
pattern in history. Tell them this is true, and it has fluctuated this way under “natural conditions.” Today we
9

Marian Koshland Science Museum of the National Academy of Sciences, The Natural Carbon
Cycle, http://www.koshland-science-museum.org/exhibitgcc/carbon02.jsp, December 22, 2007.
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are going to look at a “natural” input of carbon into the atmosphere (breathing) and a relatively new input of
carbon into the atmosphere (car exhaust). (See the attached data table on the increase in the number of
cars in the world from 1900 projected to 2030.)
Explain to the students they will be testing two sources of carbon gas to determine the amount of
relative carbon found in the two sources. The two sources of carbon they will be comparing are carbon
found in human exhalation (CO2) and the carbon found in car exhaust (primarily CO). Students will be
collecting their exhalation using the water-displacement method. This involves inverting a water-filled bottle
under a volume of water and removing the cap while the opening is under the water. The gas is collected,
by placing a flexible straw under the opening of the bottle and breathing out through the straw. The bottle
can be capped under water and then may be removed. You may need to demonstrate this. After the gas
is collected students will be bubbling it through 100 mL of water. You may need to ask students what
happens when a carbon gas is bubbled through water. The carbon molecules interact with the water
forming a weak carbonic acid. (HCO3), the more carbon molecules the more carbonic acid is made. (CO2 +
OH- → HCO3 -1) To help students see how this relates to chemistry, ask how we detect an acid or a base.
Use your questioning skills to help them remember that one can measure pH with a pH meter/probe, pH
paper, or an indicator. If you have pH probes available you may use these and skip the steps on using an
indicator. If not, inform the students they will be working with an indicator, phenolphthalein.
Phenolphthalein turns pink in a base and clear in the presence of an acid. We will be placing a specific
amount of a known base into 200 mL of water along with a specific amount of an indicator. We will then
place 100 mL of this stock solution into a 2nd beaker so both beakers start out with exactly the same pink
color. One beaker is used only to provide a “base color” to use in the back titration of the carbonated
water. For each trial students will need to make up a new 200 mL base solution. If students don’t have a
base color to serve as a comparison, they won’t know how far to back titrate the carbonated water.
Have students work in pairs. Initially each pair should collect data over at least three trials to see
how many normal breaths each individual needs to fill the 0.5 liter bottle. Students should then count the
number of breaths taken per minute and calculate the volume of air exhaled in a year. They can also figure
the moles of air they exhale in one year. They will then collect two 0.5 liter bottles of exhalation, one from
each individual. They will carefully fill a 0.5 liter water bottle so the water reaches the very top. Then they
will hold a watch glass on top of the bottle to seal it and invert it in a bucket ½ filled with water. Taking a
flexible straw students stick one end of the straw under the bottle opening under the water and breathe into
the bottle replacing the water with their exhalation. Students can then stopper the bottle with the rubber
stopper and hose making sure the hose is pinched shut. Caution students not to squeeze the bottle until
the hose has been placed in one of the 100 mL prepared base solutions. While the hose opening is being
held by one partner under one of the base solutions, the other partner should slowly squeeze the bottle and
crush it from the bottom up to the top, making sure they are slowly expelling the gas into one of the base
solutions. The student crushing the bottle needs to make sure they continually press on the bottle because
if they release the pressure the base solution will come back up the tube and into the bottle. Students need
to make sure the base solution remains in the beaker. When the bottle is entirely crushed the student
holding the tube under the base solution should remove the hose and then the person on the bottle can
release his/her pressure. The water should have turned lighter pink or clear. Students then will use the 0.1
M NaOH to back-titrate the carbonated water to the color of the other base solution color. The flasks
containing both solutions should be placed on white paper for ease of color comparison. To do this they
will place one drop in the carbonated beaker, swirl, check the color and repeat until the colors match. They
will then write down the number of drops they used. They will repeat this for the 2nd exhalation. The class
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should pool all of their data so they can make some broad comparisons. This same procedure will be used
on the exhaust.
Teacher Tasks

Student Tasks

• Set up this problem by asking students what they

• Students enter into the discussion and will

know about how materials cycle through a system.

likely provide some information that is correct
and some that is incorrect.

• Teacher questions supportively to get students to

articulate that for a material to cycle it has to be
able to be used over and over again and because
of this, materials are constantly moving in the
cycle.
• Teacher questions students about what they

• Students use knowledge from their past
science classes to answer these questions.

• Circulate around to each working group, making

• Work in pairs to collect breathing data,

• Assist students as they interpret their data and

• Students work on answering the Summing Up

remember about the carbon cycle and the
processes used in this cycle. (see Teacher’s Notes
for ideas on supportive questioning.)
certain students are preparing their base solutions
so there is a “color control.” Help students with
gas collection as needed. Practice good
questioning as students are experimenting with
developing a good method for placing the gas in
the 2 L bottles. Resist the urge to give answers.
answer the Summing Up questions.

• Have students record their data on a class data

table on an overhead for the final discussion.
• Pull the class together for a discussion of findings,

discussing student responses to the Summing Up
questions, addressing lingering misconceptions
and providing additional information about the
details of automobile exhaust.

exhalation gas, and titration data on all gases.

questions and graphing their data.
• Students record their data on the class data

sheet.
• Make corrections to Summing Up questions

based on class discussion and teacher
feedback.

Differentiation Tasks
Less-Than-Proficient
Prioritized vocabulary, skills, concepts: exhaled gases, vehicle exhaust, performing calculations
using dimensional (unit) analysis.
Suggestions for supplemental instruction
• Some students may have difficulty with the calculations. You could provide these students with the
equation with blanks for the numbers students collect.
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Highly Proficient
Suggestions for supplemental instruction
• If students have not already done so have them calculate the number of moles of carbonic acid
neutralized by the 0.5 M NaOH. They can then calculate the gaseous concentration of CO2 in their
breath (in moles CO2/L breath). They can also figure these details for car exhaust.
• The carbon cycle may be confusing to some students. As you or some of your students explain this
process to the class, ask students to prepare a concept map or picture diagram of the process.
• Students could collect gas from different types and ages of cars to see if the amount of carbon is any
different or if any patterns emerge. They could check their data relatively by looking up standard
emissions for the cars analyzed.

Assessment:
Formative Assessments:
° Provide ongoing guidance and feedback to individual students as points of confusion are observed.
Asking probing questions, even to those students who appear to have a strong understanding of the
concepts being taught, will help strengthen understanding.
° Addressing points of confusion related to having a “control base color” and “back-titration” early in
this activity will help to ensure that students use standard procedures so their data may be used in
comparison.
° Ask students regularly what evidence (data) they are using to support their claim. Frequently use
accurate student work to showcase how to support ideas with justifications from data for those students
who need models of how to argue from evidence.
Summative Assessments
° Student responses to the Summing Up questions serve as the assessment for this activity. It is best
to allow students the opportunity to make corrections to any incorrect or weakly formulated Summing
Up answers where necessary. They will receive teacher guidance on this, but may also prefer to
work with a partner in trying to make their corrections.
° Sample Answers to Summing Up:
1. Sample calculations for how many liters of air are exhaled in a year.
15.3 breaths/minute x 60 min/hour x 24 hours/day x 365.25 days/year = 8,047,188 breaths/year
8,047,188 breaths/year x 0.5 L/4.6 breaths = 874,694 L/year = 8.7 x 105 L/year
2. Sample calculations for how many moles of air exhaled in a year.
8.7 x 105 breaths/year x 0.5 L / 4.6 breaths x 1 mole / 22.4 L = 3.9 x 103 = 3,900 moles/year
3. Sample calculations for the world’s population
8.7 x 105 L / year x 6.6 x 109 individuals in the world = 5.7 x 1015 L
4. Students may choose to represent the data as a percentage of increase of CO2 or may do a
simple graph.
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5. Exhalation is part of the natural carbon cycle. It is a short-cycle within the global carbon cycle.
It is paired with photosynthesis and therefore provides a balance of carbon dioxide in the air.
6. Students may say their data are more accurate because they knew their procedure was
accurate. They may say that the class data is more accurate because the more data one
accumulates the less chance an “unusual” piece of data changes the average. Students may
say that even with the class data there are too few data points to have any predictive power.
7. The impact of car exhaust on the carbon in atmosphere is that it adds a great deal more
carbon to the atmosphere than does breathing and this is on top of the “natural processes,”
therefore there will be some type of effect on the environment. Based upon the previous
activity we can see that more carbon increases the temperature of the environment. The
relationship between atmospheric temperature and carbon was also demonstrated in the first
activity when we looked at this data from 1000 to present. If the temperatures increase the ice
caps will melt and the weather will change in major parts of the earth. The salinity of the ocean
will change, changing the environment for many ocean creatures. People will be displaced.
Diseases will migrate with people and with warmer temperatures. Weather patterns will
change.
8. Assume it took 3 seconds to fill up the 0.5 L bottle with car exhaust. Figure the average hours
your family car is driven in a week. Assume this is an average week of usage for your car.
Use this information to figure out how much more carbon will be placed in the atmosphere by
your car in a year. Assume the number of cars present in the world remains static at
750,000,000. How much more carbon would be produced by car exhaust than by human
exhalation? Provide a clear visual representation of this difference.
Sample calculations:
0.5 L/3 sec x 60 sec/hour x 24 hr/day x 7 day/week x 5 hours/week (car driven) x 52 wk/yr
= 1,310,400 L / year x 750,000,000 = 9.75 x 1017 L / world cars
9.75 x 1017 L/world cars 5.7 x 1015 = 1.7 x 102 more liters of carbon than exhalation.
(1700 liters)
38/15 or cars emit 2.5 x the carbon than exhalation
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Sample Data:
Number of Breaths to Fill a 0.5 liter Bottle
Individual Trial
# of
Average
breaths
Lyn
1
5
Lyn
2
4
Lyn
3
5
4.6
Bob
1
4
Bob
2
3
Bob
3
5
4

Number of Breaths/Minute
Individual Trial
# of
Average
breaths/min
Lyn
1
15
Lyn
2
16
Lyn
3
15
15.3
Bob
1
15
Bob
2
14
Bob
3
17
15.3

Sample Data for 0.5 liters of Human Respiration
Individual Trial
Drops of 0.1 M
NaOH
Lyn
1`
5
Lyn
2
13
Katy
1
10
Katy
2
14
Aubrey
1
12
Aubrey
2
17
Bob
1
22
Bob
2
24

Sample Data for 0.5 liters of Car Exhaust
Car
Model Year Trial Drops of
Type
0.1 M
NaOH
Kia Rio
Rio
2006 1
38
Kia Rio
Rio
2006 2
43
Toyota
Corolla 2005 1
31
Toyota
Corolla 2005 2
40
Honda
Accord 1991 1
45
Honda
Accord 1991 2
44
Toyota
Prius
2002 1
35
Toyota
Prius
2002 2
28
20 drops phenolphthalein
40 drops 0.1 M NaOH initially
200 ml of water –split into two beakers
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Reflect:
The most challenging part of this activity is helping students see the connections between the
different science disciplines and how this information comes together to form a holistic picture of how the
world works. Working to question students instead of providing them with the answers or lecturing to them
is challenging, but provides a more stimulating environment for student discourse and thinking. The lab
was challenging to get students to titrate back to a specific “base color” they had created. Students tended
to hold their droppers at an angle or horizontally. I went around and showed them that if they held their
droppers vertically they would get “standard” drops. I made a notation to go over this procedure before we
began this lab. Several students wanted to use the same 100 mL of base reagent they used in the first test.
I let them try to mix only 100 mL for the bubbling and asked them to match colors. After this experience
this experience they realized it was much easier to make a 200 mL sample and split it into two parts. Then
there was no doubt the color was the same.
This lab was effective in illustrating that car exhaust produces much more carbon emissions than
does normal breathing. This visible difference is one that clearly drives home the point regarding the
impact of car emissions on introducing an unbalanced carbon input into the atmosphere. This unbalance
seems to be warming our atmosphere. In terms of students honing their skills at designing and carrying out
controlled experiments, students had ample opportunities to use all of the skills they have gained in this
class and previous science classes. Students that struggled with materials were easily guided with wellplaced questions.
Attachments:
Number of Cars Through History
# of cars

Year
1900
1910
1968
1970
1985
1990
1996
1997
2030

4,192
8,000
46,614,342
200,000,000
375,000,000
500,000,000
485,954,000
600,000,000
1,200,000,000

Elert, G. ed Number of Cars, <http://hypertextbook.com/facts/2001/MarinaStasenko.shtml> December 26,
2007
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Student Page/Handout:

CAR be ON Cycles

Problem: How does the carbon emission of respiration compare with that of car exhaust?
Materials:
#4 rubber stopper with glass tubing & rubber hose
2 clear plastic 0.5 L bottles with tops
1 gallon bucket or gas collecting tub

2 exhaust-filled plastic 0.5L bottle
1 dropper bottle 0.1 M NaOH
1 dropper bottle phenolphthalein

Procedure:
You will be working in pairs for this experiment. You will be testing two sources of carbon gas to
determine the amount of relative carbon in the two sources. The two sources of carbon you will be
comparing are carbon found in human exhalation (CO2) and the carbon found in car exhaust (CO), but first
you will need to figure how many breaths it takes to fill up a 0.5 L bottle.
Focus 1: Use water displacement to measure how many breaths it takes to fill a 0.5 L bottle. You
will use a flexible straw to collect this data. Fill a 0.5 L water bottle so the water reaches the very top.
Place the cap on the filled bottle and invert it in a bucket ½ filled with water. Remove the cap once the
bottle opening is under water. Taking a flexible straw, stick one end of the straw under the bottle opening
under the water and breathe into the bottle replacing the water with your exhalation. Try to breathe
normally. Count the normal exhalations needed to fill the bottle. Record this information. Make sure you
run enough trials to be confident in your data.
Focus 2: Make your base solutions.
Using a graduated cylinder measure out exactly 200 mL of water and place it in one of the 250 mL
beakers or Erlenmeyer flask. Place 40 drops of 0.1 M NaOH into this beaker of water. (Be sure to hold the
dropper exactly vertical so each drop is a standard drop.) Place 20 drops of the basic indicator,
phenolphthalein into the water. Swirl the mixture so the color is equalized throughout the container. Use a
graduated cylinder to carefully pour 100 mL of this standard base mixture into the other beaker/flask. This
will be your standard control color. For each trial you will need to make a new 200 mL base solution.
Focus 3: Test the amount of carbon in 0.5 L of exhalation
Use water displacement to collect two 0.5 L bottles of exhalation, one from each individual. Once
one bottle is collected, have one individual place a one hole rubber stopper on the bottle attached to a
rubber hose. Do not squeeze the bottle until one end of the hose has been placed in one of the 100 mL
prepared base solutions. While the hose opening is being held by one partner under one of the base
solutions, the other partner should slowly squeeze the bottle and crush it from the bottom up to the top,
making sure you are slowly bubbling the contents of the bottle through one base solution. When the bottle
is entirely crushed the student holding the tube under the base solution should remove the hose before the
person holding the bottle releases the pressure. You will then use the 0.1 M NaOH to back-titrate the
carbonated water to the color of your standard base mixture. To do this place one drop of 0.1 M NaOH in
the carbonated beaker, swirl, check the color and repeat until the colors match. Record the number of
drops you use. Repeat this for the 2nd exhalation.
Focus 4: Test the Amount of Carbon in 0.5 L of car exhaust given to you by your teacher.
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Use the same procedure above to test the amount of carbon in car exhaust.
Summing Up: (Show your calculations for each of the questions below.)
1. How many liters of air do you exhale in one year?
2. How many moles of air do you exhale in one year? (Assume ideal gas at 298 K and 1.00 atm
of pressure.
3. If there are 6.6 x 109 people in the world how much air would the world of humans exhale in a
year?
4. Compare the number of 0.1 M NaOH it took to neutralize the carbon in exhalation vs. car
exhaust. Provide a clear visual representation for this difference.
5. Identify which process (exhalation vs. car exhaust) is part of the natural carbon cycle and
explain what role this process plays in the natural carbon cycle.
6. Compare your personal results with the average results of the class. Which is more accurate
and why?
7. Using these results and the information gained from the previous two activities, describe the
contribution of car exhaust on the carbon in atmosphere.
8. Assume it took 3 seconds to fill up the 0.5 L bottle with car exhaust. Figure the average hours
your family car is driven in a week. Assume this is an average week of usage for your car.
Use this information to figure out how much more carbon will be placed in the atmosphere by
your car in a year. Assume the number of cars present in the world remains static at
750,000,000. How much more carbon would be produced by car exhaust than by human
exhalation? Provide a clear visual representation of this difference.

ACTIVITY 4
Activity 4 Overview: What’s Your Carbon Footprint?
Iowa Core Curriculum

o Understands and applies knowledge of interactions of energy and matter.
o Uses technology and mathematics to improve investigations and communications
o Communicates and defends a scientific argument

Big Ideas

o The energy consumed in running a household and in supporting the personal habits
of families has a significant impact on the amount of carbon released into the
atmosphere. This carbon impact is referred to as a carbon footprint. By determining
the relative amounts of carbon dioxide released through a variety human activities,
we can begin to tackle the problem of reducing our carbon footprint.
X Encourages
X Teaches for
X Develops global
collaboration in learning
understanding
perspectives
X Student centered
X Develops conceptual
X Provides authentic
and/or procedural
learning
knowledge
X Teaches through
X Assesses for learning
X Incorporates current
problem solving &
technology
inquiry
Remembering
X Applying
X Evaluating
X Understanding
X Analyzing
X Creating
Isolated within
X Connected to other
X Connected to student

Essential Skills/Concepts:

Characteristics of
Instructional Core

Cognitive Domain
Connections to Students’
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Lives

discipline
disciplines
lives
Connected within
X Has value beyond
discipline
school purposes
Using the literacy process for inquiry
Increasing reading volume
Increasing access to print
X Engaging students with texts
Involving students in discussion
Reading aloud in content areas
Increasing reading fluency
Explicitly instructing in vocabulary and
comprehension
Writing to learn across content areas

Support for Literacy

X
X
X
X
X

Class Time

2 class period(s)

100 total minutes

Materials & Set-up:
For this activity, it is critical that students have access to computers with internet connections. If
there are not enough computers for each student, they can work in pairs, but each student will need to
record their own data since it is reflective of their family data. In addition, computers should have the
ExcelTM or similar spreadsheet program on them as this is the best place in which to record data in table
format. The data from these tables can then be easily translated into graph form.
Students will need to locate some energy use data from their household prior to completing this
activity. It may be most efficient to send a list home with students a week before you are scheduled to teach
this lesson. The information needed is listed below. You may want to print copies of this list so students
can record their data on it.
Information needed for carbon footprint activity
Make, model, year and gas mileage of all family cars
Number of loads of clothes dried each week
Average monthly electricity bill
Percentage of light bulbs in your home that
use fluorescent bulbs
Average monthly gas bill
What your home recycles
Average monthly fuel oil bill
How long everyone’s showers are and how
many they take at home each day
Teaching Tips:
In order to gain a thorough understanding of this activity, it is important for the teacher to navigate
through the carbon footprint sites prior to class. This will ensure that student questions can be answered
efficiently and that the teacher has a good understanding of the experiences each student will have at the
sites.
Teacher Tasks

Student Tasks

• Prepare students to collect data from their home by
printing copies of the data list and sharing these with
students. They may need to solicit the help of their
parents to collect the needed data.

• Prior to beginning this activity, students collect

• Monitor students’ work at the carbon calculator

• Students answer simple questions about their

websites. While it is relatively simple to navigate these
sites, some students may get sidetracked.
• Observe students as they record their data to the

data from their homes and bring that to school with
them.

home energy consuming behaviors. As they plug
in their data, the annual carbon emissions from
these consumption levels are listed.
• Students record all data into the spreadsheet,
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spreadsheet. Remind students that each data table
should be numbered and labeled. All columns and
rows need labels as well.
• Encourage students to prepare their graphs as they

go. Students can decide whether line or bar graphs
are more appropriate in each instance.
• Help students understand that a pie graph is not a

unique way in which to illustrate your carbon footprint.
Encourage creativity and students will be more likely to
come up with interesting representations.

labeling each table correctly.

• Students will be preparing graphs of the data from

each table.
• Create a unique visual to illustrate their own

personal carbon footprint.

Differentiation Tasks
Less-Than-Proficient
Prioritized vocabulary, skills, concepts: carbon footprint, using spreadsheets to make data tables and
graphs, analyzing and summarizing data.
Suggestions for supplemental instruction
• Some students may need extra reminders to collect and bring their data to school. Checking with
students on a daily basis as well as reminders in planners, should help ensure they remember to
collect and bring their data.
• Some students may need assistance recording their data in a spreadsheet format. Another strategy
is to prepare table templates. However, this should only be used in extreme cases, as most students
should have the skills necessary to set up well-constructed data tables.
Highly Proficient
Suggestions for supplemental instruction
• For those students who easily understand the making of graphs, challenge them to prepare guidelines
for when to make a line graph and when to make a bar graph.
• Encourage students to use interesting mediums to convey their data on their carbon footprint.
T-shirts, billboards, webpages, podcasts, movies and mobiles are just a few ideas.
Assessment:
Formative Assessments:
o Monitor student recordings of data as they go. Proper labeling of every data table and graph is
essential. Allowing students to make corrections to the first few data tables and graphs will help to
ensure they complete the remaining tables and graphs correctly.
o Ask students regularly what evidence (data) they are using to support their claim. Frequently use accurate
student work to showcase how to support ideas with justifications from data for those students who need
models of how to argue from evidence.
Summative Assessments
o Students should be required to print a copy of the data tables and graphs they prepared from each of
the websites they visited. These should be assessed for accuracy and completeness.
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o Students were asked 3 summary questions:
1. Which of your activities have the largest impact on increasing carbon emissions in our
environment? Your response should be supported by data in both table and graph form.
2. Quantify the impact of recycling on your carbon footprint.
3. Create a unique visual illustration of your carbon footprint.
Student responses to these questions may be assessed using the rubric below.

Grading Rubric for
Putting it All Together: What is your Carbon Profile?
Relative impact
of personal/
family habits

•
•
•
•

Impact of
recycling

•
•

Visual
illustration of
carbon
footprint

•
•
•
•

3
Uses all categories of data
All data is provided in both graph
and table form.
Conclusion clearly stated
Conclusions are supported by
data.
Includes data with and without
recycling.
Compares these numbers either
with a % or other data point.
Includes all relevant data
Data is correctly displayed.
Visually interesting, making
effective use of color, spacing,
and visuals.
Correct spelling, punctuation &
grammar.

•
•
•
•

2
Excludes 2-3 categories of data.
Excludes graphs/tables for 2-3 data
sets.
Conclusion is not clear cut.
Conclusion is not supported by data.

•
•

•
•

Partial data is included.
Describes the effect of recycling, but
does not use data.

•

•

Includes some, but not all relevant
data.
Some data is incorrectly displayed
(missing units, headings, etc).
Somewhat visually interesting,
making some use of color, spacing
and visuals.
2-3 errors in spelling, grammar or
punctuation.

•

•
•
•

•
•

1
Data is not provided in
any form.
No conclusion is stated.

Impact of recycling
does not refer to any
data or is not
discussed.
No data included or
data is mislabeled or
incorrect.
Visually uninteresting,
poor to no use of color,
5 or more errors in
spelling, grammar or
punctuation.

Sample Student Data and Graphs
1. Lighting Footprint
Table 1: Home Lighting - Pounds of CO2 produced annually to light your home
Percent of Lighting
that is Fluorescent
Annual pounds of
CO2 Produced

0

10

20

33

50

75

100

1767

1625

1484

1296

1060

706

353
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Graph 1: Annual Pounds of CO2 Produced by Using Incandescent vs
Fluorescent Lighting
1800
1600
1400
1200
Annual Pounds of CO2 1000
800
Produced
600
400
200
0
0

10

20

33

50

75

100

Percent of Home Lighting that is Flourescent

2. Refrigerator Use Footprint
Table 2: Annual CO2 Produced by Various Refrigerators
Refrigerator
Type
Refrigerator Size (Cubic Feet)
16.5-18.9

<16.4
Top freezer
Bottom freezer
Side by side

19 - 21.4

21.4-24.4

>24.6

898

990

1052

1105

1225

1112

1148

1191

1306

1171
1363

1195
1398

1265
1541

Graph 2: Carbon Footprint from Refrigerators
1600
1400
1200
1000
Annual CO2 Produced

800

Top freezer

600

Bottom freezer

400

Side by side

200
0
<16.4

16.5-18.9

19-21.4

21.4-24.4

>24.6

Refrigerator Size (Cubic Feet)

3. Hot Shower Footprint
Table 3: Annual Amount of CO2 Produced from Taking Hot Showers
Shower Length (minutes)
Number of Daily
Showers
5
8
10
1 daily
1428
2286
2857
2 daily
2857
4572
5715
3 daily
4286
6858
8572

15
4286
8572
12859
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Annual Poundsof CO2Produce

Annual Pounds of CO2 Produced from
Showering
14000
1 daily
2 daily

12000

3 daily

10000
8000
6000
4000
2000
0
5

8

10

15

Shower Lenght (min)

4. Dryer Footprint
Table 4: Annual Pounds of CO2 Produced to Run the Dryer
Number of Loads Dried each Week

Annual CO2 Produced

1

253

5

1267

10

2535

Annual CO2 Produced from Drying
Clothes

3000
Annual 2000
CO2
Produced 1000
0

1

5

10

Number of Loads of Clothes Dried per week
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5. Transportation Footprint

Table 5: Carbon Footprints of Various Models of 2006 Vehicles, Family Cars and Favorite Cars
Annual Carbon Emission
from 10,000 miles of
driving (in tons)

Vehicle Make & Model
Lamborghini (Foreign)
Honda Civic Hybrid (Foreign)
Toyota Prius (Foreign)
Dodge Durango automatic transmission
(American)
Ford Escape Hybrid (American)
Family Car: Toyota Sienna Van (2002)
Family Car 2: Toyota Camry (2002)
Most want to own vehicle (Mercedez Benz 350
with manual transmission)

9.05
1.95
1.75
9.9

Annual Carbon
Emission from 10,000
miles of driving (in
pounds)
18,100
3,900
3,500
19,800

2.9
4.6
3.5
4.15

5,800
9,200
7,000
8,300

6. Household Habits
Table 6: Carbon Footprint from Household Choices
Annual Pounds of Carbon
Activity
Emission
Average monthly gas bill ($100)
10,465
Average monthly electricity bill ($120)
19,728
Driving family car at 24 miles/gallon for 10,000 miles yearly
8,509
Total waste emissions before recycling
4,072
Annual Pounds of Carbon Emission

Average monthly gas bill ($100)

Average monthly electricity bill
($120)
Driving family car at 24
miles/gallon for 10,000 miles
yearly
Total waste emissions before
recycling
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7. Recycling and your Carbon Footprint
Table 7: Savings in Carbon Emissions by Recycling
Waste for family of 4

4072

Total waste emissions after recycling

2384
41.45%

Percent Reduction (1688÷4072) x 100
Annual Reduction in Carbon Emission (in pounds)
from Recycling

Paper
Plastic
Glass
Aluminum

Putting it All Together: What is your Carbon Profile?
• Which of your activities have the largest impact on increasing carbon emissions in our environment?
Your response should be supported by data in both table and graph form. To answer this question,
students need to consolidate their data so it can be compared. The table below summarizes the data
collected from each of the areas sampled in previous questions.
Table 8: Annual Carbon Emissions from Family Activities
Activity

Annual Carbon Emissions (pounds)

Home Lighting (with 75% of bulbs fluorescent)
Top freezer refrigerator (18 ft3)
Hot showers (3 daily for 10 min each)
Dryer (10 loads per week)
Driving family van (24 mpg for 10,000 miles/year)
Gas utilities ($100/month)
Electricity ($120/month)
Waste (after recycling)

706
990
8572
2535
9,200
10,465
19,728
2,384
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Annual Family Carbon Emissions (pounds)

Home Lighting (with
75% of bulbs
fluorescent)
Top freezer refrigerator
Hot showers

Dryer
Driving family van
Gas utilities
Electricity
Waste (after recycling)

•

Quantify the impact of recycling on your carbon footprint.
Carbon Waste Emission With and Without Recycling

4,500
4,000
3,500
3,000
Annual Pounds of 2,500
Carbon Emission 2,000
1,500
1,000
500
0
Total waste emissions before
recycling

•

Total waste emissions after
recycling

Create a unique visual illustration of your carbon footprint.
Encourage students to use interesting mediums to convey their data on their carbon footprint. T-shirts,
billboards, webpages, podcasts, i-movies and mobiles are just a few ideas.

Reflect:
This activity was motivating for a lot of students. While they were not excited by the early collecting
of data from home, this changed when they began plugging the data into the on-line carbon calculator.
Because they received immediate results in terms of carbon emissions, they were surprised at some of
their consumption levels. They could easily compare the difference between 5 minute showers and 20
minute showers and their comments reflected their interest and surprise. Finding the carbon footprint of
their family cars and comparing it to the car of their dreams was also interesting for them.
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Overall this activity went well and met the learning goals. I believe that all students were able to
understand the concept of carbon footprint and relate it to their own personal habits. The biggest challenge
of this activity was getting access to enough computers for all students to work at the same time. Several
students sharing computers was manageable.
The real thinking in this activity occurs when students develop a creative way in which to
communicate their carbon footprint to others. If you accept pie charts as the “norm” then it is likely that
most students will use pie charts for their representation and students would miss out on the chance to
express their creativity. Work hard to encourage creativity and unique products from your students.
Attachments:
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Student Page/Handout

What’s Your Carbon Footprint?
Problem: Which human activities have the largest impact on increasing carbon dioxide levels in our
environment? What is your carbon profile?
Materials:
Internet access

Spreadsheet software

Environmental groups define a carbon footprint as a measure of the impact human activities have on the
environment in terms of the amount of greenhouse gases produced. Carbon footprint is typically measured
in units of carbon dioxide produced in one year.
A Carbon Footprint is made up of the sum of two parts, the direct or primary footprint and the indirect or
secondary footprint.
1. The primary footprint is a measure of our direct emissions of CO2 from the burning of fossil fuels
including domestic energy consumption and transportation (e.g. car and plane).
2. The secondary footprint is a measure of the indirect CO2 emissions from all of the products we use.
This includes the actual manufacturing, use and eventual disposal of those products.
Procedure:
As you determine which human activities have the largest impact on increasing carbon dioxide levels in our
environment you will be able to develop your own carbon profile. To do this it will be easiest to get a
handle on your impact if all of the data you collect is in one place. For that reason you will be asked to
record all of the data from this activity in one spreadsheet file. Since you will have multiple tables and
graphs saved in a single spreadsheet file, it is important that all data tables are clearly labeled.
What Activities Have the Largest Carbon Footprint?
There are many web pages that have “CO2 Calculators” designed to help you determine your personal
carbon footprint. One of the most comprehensive such calculator is available through National Geographic
at the web address:
http://www.thegreenguide.com/green_home/
Go to this web page and collect data that will allow you to answer each of the questions posed below.
Record all of your data in your spreadsheet as you go. You are responsible for preparing well constructed
data tables for each question and in some cases graphs. Make certain that each table is titled and that all
data is correctly labeled.
1. Go to the Home. Using the CO2 calculator, determine the amount of CO2 emission saved by replacing
incandescent light bulbs with fluorescent bulbs. Check all levels provided, from no fluorescent bulbs to
all fluorescent bulbs.
2. Visit the kitchen. Using the CO2 calculator, determine the amount of CO2 emission from a top freezer,
bottom freezer and side-by-side style refrigerator. Do this for all the refrigerator sizes listed in the pulldown menu. Record your data in Excel then prepare a graph of this data.
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3. Enter the bathroom. Using the CO2 calculator, determine the amount of CO2 emission from taking daily
hot showers. Try at least four different shower lengths that accurately reflect the range of shower
lengths for family members and friends. Also collect data for one through three showers each day.
Record your data in your spreadsheet then prepare a graph of this data.
4. Go to the laundry room. Using the CO2 calculator, determine the amount of CO2 emission from drying
clothes. Find out how many loads are dried each week at your home and check this number, as well
as two other values that represent a viable range of likely possibilities for your family. Record your data
in your spreadsheet then prepare a graph of this data.
5. To determine your transportation footprint, go to this website:
http://www.climatecrisis.net/takeaction/carboncalculator/
Assuming you drive 10,000 miles per year, find several 2006 vehicles that leave a large CO2 footprint
and several 2006 vehicles that leave a relatively small CO2 footprint. Include both foreign and
domestic cars in your sampling. Also locate the CO2 footprint data for each of the vehicles your family
owns and for the vehicle you would most like to own. This means you will need information on the
model and year of your family vehicles. Record all of this data in your spreadsheet. It would also be a
good idea to convert this data into pounds of CO2 emission, as it is reported in annual tons.
6. To determine your family’s carbon footprint from household choices, you will need information on your
average monthly electricity, natural gas, fuel oil, the average gas mileage for your car and the average
number of miles driven each year for that car. You also need to know what items your family regularly
recycles. Once you bring this information, go to the following website and answer the questions for
utilities (electricity, gas, and fuel oil) for driving and for waste without recycling.
http://www.epa.gov/climatechange/emissions/ind_calculator.html
Enter your data and record the annual CO2 emission that results from each choice. Record this data in
your spreadsheet, making sure all parts of the data table are labeled.
7. Continue on this same web page. Compare the waste for your family with no recycling and with
recycling. Be sure to record the annual CO2 reductions for each individual recycling behavior (i.e.,
recycling paper, glass, etc.). Determine by what percentage you could reduce your household waste as
a result of recycling. Prepare a graph or chart that illustrates the relative differences in carbon
emissions saved by recycling different categories of items (i.e., paper, glass, plastic and aluminum).
Putting it All Together: What is your Carbon Profile?
You now have an extensive collection of data about the CO2 produced as a result of your lifestyle. Your
challenge now is to put all of this information together by developing your carbon footprint profile. Organize
and analyze your data into a poster in which you address each of the components below.
• Which of your activities have the largest impact on increasing carbon emissions in our environment?
Your response should be supported by data in both table and graph form.
• Quantify the impact of recycling on your carbon footprint.
• Create a unique visual illustration of your carbon footprint.
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ACTIVITY 5
Activity 5 Overview: Project GREEN: Global Reality Education for the Environment Now
Iowa Core Curriculum

° Understands and applies knowledge of Geochemical cycle
° Communicates and defends a scientific argument
° Uses technology and mathematics to improve investigations and
communications

Big Ideas

° Students will use the knowledge they have gained from previous activities to
develop a convincing and unique public awareness campaign to teach the
public the importance of Going Green as well as strategies for Going Green.

Characteristics of
Instructional Core

X Encourages
X Teaches for
X Develops global
collaboration in learning
understanding
perspectives
X Student centered
Develops conceptual
X Provides authentic
and/or procedural
learning
knowledge
X Teaches through
X Assesses for learning
X Incorporates current
problem solving &
technology
inquiry
Remembering
X Applying
X Evaluating
Understanding
Analyzing
X Creating
Isolated within
X Connected to other
X Connected to student
discipline
disciplines
lives
Connected within
X Has value beyond
discipline
school purposes
X Using the literacy process for inquiry
Increasing reading volume
Increasing access to print
Engaging students with texts
X Involving students in discussion
Reading aloud in content areas
Increasing reading fluency
Explicitly instructing in vocabulary and
comprehension
Writing to learn across content areas

Essential Skills/Concepts:

Cognitive Domain
Connections to Students’
Lives
Support for Literacy

Class Time

2 class period(s)

100 total minutes

* Some ideas for this unit were adopted from the Iowa High School Summit, sponsored by the Iowa Math Science
Coalition.

Materials & Set-up:
Students will provide their own materials for this activity.
Teaching Tips:
The activities leading up to this point build a strong case for global warming and provide students
with some of the knowledge needed to take action to reduce carbon emissions. They know the major
sources of carbon emissions, the harmful effects it can have on the temperature of the atmosphere and
understand their family’s carbon profile. In this activity students will work in teams to develop one aspect of
a public awareness campaign to inform the public of the facts related to this environmental problem, and to
provide ideas for how they can alter aspects of their lifestyles to reduce their contribution to global carbon
emissions.
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Begin by presenting the challenge to students through a class discussion. Students who have
taken business courses or even psychology courses may have knowledge of some of the components of
effective advertising campaigns. Ask the class to brainstorm every possible format for informing the public
about any scientific findings and then affecting changes in behavior as a result. It may help to break their
ideas into verbal communication of a message, written communication, visual communication or some
combination thereof. After students have exhausted their ideas, share the ideas below if students have not
already listed them.
Verbal communication of a message:
• Rhymes
• Jingles
• Raps or songs
• Podcasts
• Radio interviews
Written communication of a message
• Brochures
• Newspaper articles
• A Children’s Book
Visual communication of a message
• Commercials
• Billboards
• Plays
• Vodcasts
• YouTube
• Posters
• Sculptures or other art
• Store windows
• T-shirts
Tips for Writing a Powerful Message: If your action strategy involves some type of written or spoken
message, these tips may help.
° Your communication must compel your audience to take action.
° Facts are important, but alone won’t do it. For example, if your audience is the students in your
school, what do you expect them to do? This must be part of your message.
° There should be a strong connection to what we understand about the science of carbon cycles,
heat, gasses or other related science concepts.
° Your message should be clear and easily understood and should include mention of the problem
and the solution.
° Develop a sense of urgency – focus on behavior change and action.
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What if your project is a media campaign? You may want to produce and submit a series of editorials
and/or news stories in local newspapers, school or community newsletters, television news interviews or
even commercials, plays or songs to highlight interest in your project. This may involve the following:
° Interviewing local environmentalists or even one of your team members to get out the important
facts and build the need for change.
° Success stories from locals who have “gone green” in one or more aspect of their lives.
° Interviews from local business owners regarding the importance of going green.
° Editorials or articles about why going green is important, how it can benefit the community and
examples of actions that can be taken.
° Radio talk show interviews.
° Commercials with a local appeal.
Before students settle on one idea, suggest they do an internet search to gain additional information about
the kinds of actions individuals, business, schools and families are taking in an effort to reduce their carbon
emissions. Some good search terms include “green consumerism,” “green consumer guide,” and “greening
America”.
Teacher Tasks

Student Tasks

• Introduce the task to students in a way that gets

• Either as a whole class or in groups, students

them excited about the project and encourages
unique, creative approaches.

brainstorm every possible approach to
informing the public about going green and
getting them to engage in “green” activities.

• After students have exhausted their brainstorming,

• Students think about their brainstormed list in

• Hold a discussion about effective advertising

• Think about what you have found to be

share the ideas with students that are included in
the teaching tips, breaking them into categories of
written, visual and verbal communication. This
grouping is likely to stimulate additional ideas.
techniques. Be sure to draw on the expertise of
those students who have had high school classes
in which advertising and other methods of
persuasion were the topic. Share information
about effective verbal and written messages.

• Review with students the criteria for the final

project. Remind students not to try to accomplish
too much in their project….they cannot include
everything they learned. It is better to focus on
one area and do that area well.
• Work with individual teams as they begin to focus

their ideas. Ask leading questions to help ensure
students are including both facts and actions.

terms of which ideas feature verbal
communication, which feature written and
which feature visual communication.

effective advertising and share these ideas
with the class. Start making a mental list of
the most effective forms of communicating
facts and influencing behavior change.
• Form work teams of 2-3 students and ask

questions about the required components of
the project.

• Decide on an audience and the message you

wish to convey. Begin narrowing down the
specific approach which best matches your
audience and intended message.
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• Monitor student presentations, encouraging

• Students share their completed projects with

• Assist students in reaching their intended

• Make revisions, then deliver your product to

questions and ideas for improvement.

audience.

the class, answering their questions and
considering possible revisions to improve the
product.
the intended audience.

Differentiation Tasks
Less-Than-Proficient
Prioritized vocabulary, skills, concepts: carbon footprint, using data to convey a convincing message,
greenhouse gases, “going green.”
Suggestions for supplemental instruction
• Some students may require assistance in deciding on an approach to take for their public awareness
campaign. Help students figure out their strengths, then use those strengths to produce a compatible
product.
Highly Proficient
Suggestions for supplemental instruction
• Challenge students to research and develop some green products. There are many soy-based items
that can easily be experimented with including soy lip balm, soap, and hand creams. Develop “green”
packaging for the item as well.
• Challenge students to plan and put on a “Green Prom.” What aspects of prom could be totally green?
Assessment:
Formative Assessments:
o Monitor student engagement throughout both the discussion phase and the teamwork phase of the activity
to make active involvement an explicit part of the assessment. In addition, provide ongoing guidance and
feedback to individual students as points of confusion are observed. Asking probing questions, even to
those students who appear to have a strong understanding of the concepts being taught will help
strengthen understanding.
o Observe interactions among team members, noting the amount and quality of collaboration that is
occurring during class work time. This may be assessed using the attached project rubric as one
important component of the project assessment.
o Frequently ask what about your message and plan will result in changes. For those students who
have difficulty in answering this question guide them to examine successful public awareness
campaigns( i.e.; wearing sun block, getting flu shots, wearing seat belts).
Summative Assessments
o The rubric below can be used to assess the final product. Share this rubric with students as they
begin their project to help ensure a high quality product.
o Scoring rubric is provided after the student handout for this activity.
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Reflect:
The most difficult aspect of this activity was impressing upon students the necessity of confining
their message to a manageable size. Students wanted to present the full picture to their audience and this
was simply too much information….the message got lost in the volume of information. The turning point
seemed to occur when students conducted their searches on green consumerism. The websites they
visited were filled with many practical suggestions for going green that were important, but not necessarily
touched upon previously in class discussions.
Observing creative projects emerge from student discussions was a rewarding aspect on this
culminating activity. Student teams seemed to be motivated by outdoing one another for the most creative
and effective message. Delivering student products to the intended audience was very effective. Making
connections with local television stations, newspapers and businesses makes this project very real world.
Attachments:
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Student Page/Handout

Project GREEN:
Global Reality Education for the Environment Now
Problem: What kind of public awareness campaign would effectively convince others to adopt some
“green” habits?
Materials:
Supplied by students
Getting Started:
Your challenge is to develop a public awareness piece designed to educate and convince people
to engage in more “green” behaviors.
In order to convince people of the importance of Going Green, they will need some convincing
facts about why it is important and some information about what to do about it. You should make a strong
case citing scientific evidence or connect your arguments to scientific concepts (ie.; How heat travels,
insulation properties, etc.) What you must remember is that young people are capable of becoming a
powerful force for change. You should look upon your public awareness campaign as a chance to effect
change in your school, your home and your community.
Working with your team, follow the steps presented below as you develop your Public Awareness
Campaign.
Setting Your Goals
To communicate effectively, you must be able to explain clearly and concisely WHAT you are trying
to accomplish and you must know WHO you need to reach. These two factors combined will help
you create an effective message. After brainstorming, make a decision about the focus your team
will take by answering these two questions:
What you are trying to accomplish?
Write down the overall goal of your campaign.
Who is your target audience?
Developing the Key Components of your Project
° What information and skills do you need to provide your audience to influence them into action?
° Will your PR be delivered by verbal, written or visual communication?
° Write a short description of what your project will entail.
° Outline the steps and/or components of your plan.
° How will you divide tasks among students on your work team?
Read through the grading rubric to get a better idea of the requirements for the project and the
expectations. Now carry out your project. Be prepared to share your Green Public Awareness Campaign
with your class before “taking it on the road” and sharing it with the wider, intended audience.
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Project GREEN Rubric
Exceeds

Meets

Developing

• The presentation
provides clarity and
insight into the problem
by providing relevant,
detailed and supportive
data to pin-point the
problem.
• The student connected
the argument to
scientific concepts.
• Students identify more
than 2 solutions/
strategies which would
reduce an individual’s
carbon footprint in
significant ways. More
importantly, they are
easily implemented
widely.
• Students create an
original, accurate and
interesting product that
adequately addresses
the issue.

• The presentation may
exhibits . . .
- several problems
such that clarity is
lacking OR
- lacks data OR
- data provided is
weak or absent
• Lacks connections to
scientific concepts.
• Students identify less
than 1 solutions/
strategies OR
• Solutions/strategies
selected have little
chance to effect
significant change in
the carbon footprint of
individuals.
• Students create
- a routine project OR
- a project that
contains
inaccuracies OR
- a project that doesn’t
address the issue.
• The presenter lacked
focus on the target
population AND
- did not convey
passion for the topic
OR
- did not provide for
audience
involvement
• All group members
were not actively
involved. One or more
members provided
only trivial input into
the presentation.

Presentation
to the Class

• The presenter
accurately addressed
target population, was
animated and
purposely involved the
audience in his/her
presentation.

• The presentation
provides a clear
description of the
problem but provides
little insight OR the
data provided isn’t
compelling.
• Some connections are
made to scientific
concepts.
• Students identify at
least 2 solutions/
strategies which have
the potential to reduce
one’s carbon footprint
OR the strategies/
solutions may not be
easily expanded to a
larger population.
• Students create an
original and accurate
product that may not
hold other’s interests
OR may not
adequately address
the issue.
• The presenter
addressed the target
population but did not
convey the passion for
the topic or did not
provide for audience
involvement

Participation

• All group members
were actively and
equally involved in the
presentation.

• All group members
were actively involved
but may not have been
equally involved.

Explaining
the need to
change

Focusing on
how to
change

Creativeness
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