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A Place-Based Curriculum for Understanding Climate
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BY
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Curriculum in High Altitude Environments for Teaching Global Climate Change Education
(CHANGE) provides science education focused around Storm Peak Laboratory to teach
middle school students about meteorology and climate to improve climate science literacy.

I

MPORTANCE OF CLIMATE SCIENCE
LITERACY. Climate change is one of the most
significant scientific and environmental problems
facing the world today (Solomon et al. 2007). Many
kindergarten (K)–12 students lack sufficient scientific
knowledge to understand the complexities of climate
change and make informed decisions about their impacts on this global phenomenon, however (e.g., Lee
et al. 2007; Lester et al. 2006; Osterlind 2005). Most
students’ understanding of climate change comes
from powerful sources of information, such as the
media, advertising, and environmental consumerism, which often paint a simplistic and sometimes
inaccurate picture of climate change (Fortner 2001;
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Schuster et al. 2008). For example, Boykoff and
Boykoff (2004) demonstrated significant differences between the scientific community’s discourse
and U.S. press coverage (specifically the New York
Times, the Washington Post, the Los Angeles Times,
and the Wall Street Journal, between 1998 and 2002)
regarding anthropogenic contributions to climate
change. This leaves children to create their own
analogies and models of how climate change occurs
(Groves and Pugh 1999; Devine-Wright et al. 2004;
Boyes and Stanisstreet 2008).
Students’ misconceptions or alternative conceptions of climate change pose a formidable challenge to
content understanding (Lester et al. 2006; Andersson
and Wallin 2000; Boyes and Stanisstreet 1993, 1998;
Francis et al. 1993). Choi et al. (2010) provided a
strong review of 17 studies focusing on middle and
high school students’ misconceptions of climate
change. Although most of these studies (15) were performed outside of the United States, no difference was
found in the two studies pertaining to U.S. students
(Choi et al. 2010). This review summarized the referenced misconceptions into basic notions and causes
of climate change. Overall, students struggle with
defining types of radiation, greenhouse gases, and
differentiating between climate and weather. Lack
of this core knowledge creates errors in the students’
overall conception of the greenhouse effect (Choi
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et al. 2010). Lack of proper student understanding is
compounded by widespread inadequacy in climate
change knowledge by classroom teachers (Groves and
Pugh 1999; Fortner 2001). Even when factual understanding is correct, concepts of climate change are
still confusing, and teachers without their own proper
understanding of these concepts cannot be effective
instructors (Groves and Pugh 1999; Papadimitriou
2004).
Providing students and teachers with accurate and
engaging information about climate change is critical to increasing the public’s climate science literacy.
The need for an influx of this educational material
is accentuated by known imperfections in the representation of climate change within current Earth
and environmental science textbooks used across the
United States (Choi et al. 2010). Information that is
missing from these textbooks may directly impact
the previously mentioned student misconceptions.
As highlighted in McCaffrey and Buhr (2008), climate change also is often absent or poorly addressed
in state and national education standards. Because
textbooks are written to ref lect these standards,
teachers need current accurate learning tools and
resources to address known misconceptions. These
resources can include online material, professional
development courses, or inviting scientists within
the classroom.
Climate science literacy is defined by the U.S. Global
Change Research Program (2009) as “understanding
your influence on climate and climate’s influence on
you and society,” which includes recognizing sources
of greenhouse gases and understanding basic weather
and climate science.
Again, confusion between weather and climate
has been cited by researchers as one of the most
common student misconceptions about climate
change (Pruneau et al. 2003; Gowda et al. 1997).
To help students strengthen core knowledge about
climate and weather, Storm Peak Laboratory (SPL)
scientists and staff have developed a hands-on program for fifth and sixth grade students: Curriculum
in High Altitude Environments for Teaching Global
Climate Change Education (CHANGE). CHANGE
started in 2006 and is now in its fourth year, reaching a minimum of two middle schools each year.
CHANGE is taught by atmospheric scientists who
instruct by using activities that allow students to gain
an understanding of the methodology of science. The
program teaches the relationship between climate
and weather and introduces students to vocabulary
and concepts that are important for understanding
climate change.
910 |

CHANGE is designed for fifth and sixth grade
students as they are entering the appropriate stage
of cognitive development to “deal effectively with
the magnitudes of space and time encompassed by
the concept of climate as opposed to daily weather”
(Fortner 2001). CHANGE also meets both national
and state standards. For instance, Colorado’s Model
Content Standards require that fifth and sixth grade
students understand processes and interactions of
Earth’s systems (Colorado Department of Education
2007a). Colorado’s standards for mathematics require
students to use data collection and analysis in
problem-solving situations (Colorado Department
of Education 2007b). The National Science Education Standards for grades 5–8 require students to
develop an understanding of the structure of the
Earth system, including the atmosphere, and necessitates that the standard be met by frequently engaging students in active inquiry (National Research
Council 1996).
CURRICULUM AND IN STRUCTION
METHODS. CHANGE is a 3-day program for
students from each school. During the first day,
scientists from SPL visit each classroom for a 2-h
lesson. Key concepts covered in this lesson include
chemical composition and layers of the atmosphere
(i.e., troposphere and stratosphere). Focusing on ageappropriate vocabulary, these concepts are taught
with props, including a pizza pie that is broken
into slices representing different gases in the atmosphere. During this lesson, students also are taught
how to use scientific equipment, including a Pocket
Weatherman, a particle counter, and a wind meter.
Specifically, the instrument used for measuring
aerosol concentration is a TSI, Inc., (Minneapolis,
Minnesota) hand-held condensation particle counter,
Model 3007. Students also are introduced the first
day to SPL’s scientific mission: advancing understanding and discovery within the field of aerosol,
cloud, and pollution interaction. Finally, as outlined
in Blumenfeld et al. (1996, 2000), the driving question of the project is introduced: “How and why will
the weather and particle concentration change as we
ascend the mountain?”
Day 2 is a field experience during which students
measure and record data for temperature, pressure,
relative humidity, wind speed, and particle concentration while they travel up the mountain to SPL via
a gondola (in winter, they use skis or snowshoes) or
SUVs (in fall). The students stop at five specific locations for measurements at various buildings across the
ski area, located at 2100, 2750, 2950, 3150, and 3200 m
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during ascent. This activity reinforces concepts encountered
while ascending the mountain
and making hand-held weather
measurements (Fig. 2).
SETTING AND TARGET
POPULATION. Students are
selected to participate based on
proximity to SPL. The Desert
Research Institute (DRI) operates SPL on the west summit
of Mount Werner in the Park
Range near Steamboat Springs,
Colorado, at an elevation of 3210
m MSL (see Borys and Wetzel
1997; see also http://stormpeak.
dri.edu/ for more information).
SPL provides an ideal location
FIG . 1. Students outside Storm Peak Laboratory after a tour of the
for long-term research on interacfacility.
tions of atmospheric aerosol and
gas-phase chemistry with cloud
in elevation. Students work in groups of four with one and natural radiation environments. The ridge-top
adult volunteer who collects the data. Each student location produces an almost daily transition from
is responsible for a separate data card to encourage free-tropospheric to boundary layer air, which occurs
individual involvement. Using the methodology of near midday in both the summer and winter seasons
Blumenfeld et al. (1996, 2000), students are given (Obrist et al. 2008; Lowenthal et al. 2002). Long-term
“tangible, meaningful artifacts.” This data collection observations at SPL document the role of orographieffort is led by SPL scientists.
cally induced mixing and convection on vertical
Once at the laboratory, students meet with SPL pollutant transport and dispersion. A comprehensive
scientists to tour the facility, discuss SPL research set of continuous aerosol measurements was initiated
activities, and explore the application of these ac- at SPL in 2002; continuous ozone and carbon dioxide
tivities to their curriculum (Fig. 1). Students in the measurements were initiated in 2005. SPL includes an
snowshoe program meet outside a midmountain
lodge where they conduct similar activities as the
students on skis.
Following the field trip, an SPL scientist returns
to the classroom for a 2-h lesson to help students
explore concepts, present their collected data set in
a graphical format, answer questions, and evaluate
learning. The SPL scientist completes exercises that
allow each student to create several x–y graphs, for
example, pressure versus altitude, temperature versus
altitude, and particle concentration versus altitude.
Thus, students use the graphing exercise to answer
and discuss how weather and particle concentration
change in relation to elevation.
During the last 2 yr, SPL has partnered with the
Earth Science Laboratory at the National Center for FIG. 2. Mr. Tim Lim from NCAR assists fifth grade students in launching a weather balloon. The data from
Atmospheric Research (NCAR) to visit the classrooms this weather balloon is used by Storm Peak Laboratory
and launch weather balloons several months after the in conjunction with a National Science Foundation
3-day CHANGE program. The NCAR system allows project to study the impact of pollution on snowflake
for near-real-time data collection from the balloon formation.
AMERICAN METEOROLOGICAL SOCIETY
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office-type laboratory for computer and instrumentation setup, with outside air ports and cable access
to the roof deck; a cold room for precipitation and
ice sample handling; a 150-m2 roof deck for outside
sampling equipment; a full kitchen; and two bunk
rooms, with sleeping space for nine. Touring SPL and
meeting Earth scientists who work at the laboratory
are important components of the CHANGE program,
providing context for learning.
Northwest Colorado is characterized by low population density and an economy that is dependent on
construction, tourism, and natural resource extrac-

tion (Sonoran Institute 2008; Rasker et al. 2004).
Steamboat Springs, a high alpine resort community
of 12,000 people, is the largest community in the
region. Steamboat Springs is surrounded by several
smaller towns from which most residents commute
to Steamboat Springs for work. Because the region
is isolated and lacks access to large cities, students
have fewer opportunities to participate in educational
field trips than students in urban areas. Without SPL,
options for day trips to local research laboratories,
science museums, planetariums, or other science
facilities would be rare.

TABLE 1. Pre- and postprogram quiz students completed during CHANGE.
Key concept questions

Answer choices

Which of these is an example of
climate?

Windy day

Rainy day

Hot summer

Sunny day

Where do greenhouse gases trap
energy?

In the atmosphere

In the mountain

In outer space

In the soil

Oxygen

Carbon dioxide

Wind

Sulfur dioxide

Temperature

Pressure

Relative humidity

All of the above

What gas makes up most of the
atmosphere?

Nitrogen

Ozone

Carbon dioxide

Hydrogen

Why did the pressure go down
when we were at the top of the
gondola?

The temperature
went down

The wind speed
went up

The snow depth
went up

We went up in
altitude

Which one of these is a
greenhouse gas?
Which of these is a way to
measure the weather?

Experimental questions (not
used with all students and thus
not considered in the evaluation)

Answer choices

To measure pressure a scientist
uses . . .

A thermometer

An anemometer

A satellite

A barometer

Where would you expect the
concentration of particles to be
the lowest?

At Storm Peak Lab

At the tailpipe of
your school bus

In New York City

At the tip of a
lit cigarette

What is the Keeling Curve?

The Keeling Curve
is a graph showing
the variation in
concentrations of
atmospheric carbon
dioxide since 1958

Data for the Keeling
curve was taken on
top of a volcano in
Hawaii

The Keeling Curve
shows evidence of
increasing carbon
dioxide levels in the
atmosphere

All of the above

Infrared radiation

Visible radiation

Ultraviolet radiation

All of the above

Greenhouse gases absorb what
type of energy?
Seasonally relevant questions
(not used with all students and
thus not considered in evaluation)
What allow for different types of
snowflake?
What is used to calculate snow
density?
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Answer choices
Temperature and
humidity at formation

Different
greenhouse gases

Wind

All of the above

Mass and volume

Pressure and
temperature

Mass and
temperature

Wind speed
and volume

JULY 2011
Unauthenticated | Downloaded 01/09/23 12:53 PM UTC

The demographics of northwest Colorado have
three important implications for CHANGE. First,
SPL is only accessible in winter by downhill skis
or snowmobile, but most students living outside of
Steamboat Springs do not ski. Skiing an intermediate
run is a requirement for reaching the facility once it
snows, however. SPL has addressed this by creating
both fall and winter components to the program.
Students from Steamboat Springs ski to the laboratory
in either January or February, while students from the
two surrounding communities travel to SPL by SUV
in September and October. To accommodate a small
number of students in Steamboat Springs who do not
ski, SPL has developed an alternative midmountain
snowshoe program to provide all of the students with
equal opportunities.
Second, an estimated 15% of students are learning
English as a Second Language (ESL; K. Goodman
2008, personal communication), making language
a barrier to learning among some students. This
local representation of ESL students is similar to
statewide statistics. In 2008, approximately 19% of
children between the ages of 5 and 17 in Colorado
spoke a language other than English at home and
spoke English with difficulty (U.S. Census Bureau,
American Community Survey 2008). Of these
students, approximately 86% of them are native
Spanish speakers (U.S. Department of Commerce,
Census Bureau, American Community Survey
2008). CHANGE has addressed language barriers by
translating worksheets, lessons, and information for
parents into Spanish. To date, we have found most
students with limited English receive support from
ESL peers when they need additional explanation in
their native language, but advanced preparation is
important for reaching all students.
Third, by introducing students to SPL and Earth
scientists, CHANGE provides an opportunity
most students otherwise would not have due to

the isolated nature of their communities. Positive
role models have been cited by education experts
as an important motivator for young women and
minorities to pursue careers in science (Shakeshaft
1995; Jacobs et al. 1998; Lockwood 2006; Halpern
et al. 2007). By exposing students in rural areas to
SPL and connecting them to research in their own
communities, CHANGE seeks to inspire students’
interest in science.
ASSESSMENT. Starting in 2007, students completed a pre- and postprogram quiz (Table 1) and
attitude survey (Table 2) to assess the effectiveness
of CHANGE. Our evaluation used a mix of quantitative and qualitative methods, as recommended by
Hannah (1996). While simplistic, the assessments
sought to identify students’ knowledge of weather,
climate, atmospheric composition, and structure.
Overall, the assessment was designed to determine
whether students gained knowledge of climate and
weather and understood simple concepts of climate
change.
Quiz. Two-hundred-and-fourteen fifth and sixth
grade students completed the prequiz and 228 students completed the postprogram quiz. The quiz
varied between having 9 and 11 questions, which
included six key concept questions. The remaining
questions were selected from four seasonally relevant
questions and two advanced concept or experimental
questions. The seasonally relevant questions and
experimental questions varied in type and number
during the course of the program. The same six key
concept questions were used for all students. Thus,
only the key concept questions will be analyzed
via this study. All of the questions and answers are
shown in Table 1. The average score for the precourse
assessment for the key concept questions was 52%.
The average score for the postcourse assessment on

TABLE 2. Student results from pre- and postprogram quiz. These questions were taken by 214 students in a
prequiz and by 228 students in the postquiz.
Percent correct
Key concept questions

Improvement
Prequiz

Postquiz

Which of these is an example of climate?

49%

71%

22%

Where do greenhouse gases trap energy?

51%

80%

29%

Which one of these is a greenhouse gas?

54%

90%

36%

Which of these is a way to measure the weather?

63%

70%

7%

Why did the pressure go down when we were at the top of the gondola?

68%

88%

20%

What gas makes up most of the atmosphere?

28%

60%

32%
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these six questions was 76%. These results were shown
to be statistically significant using a paired two-tailed
t test. These questions pertained to the location and
types of greenhouse gases and differentiating between
climate and weather. Table 2 illustrates results from
the key concept questions.

Many students also provided written responses
to explain their answers. Because the question format was open ended, there was a large variety of
answers. Qualitative results from these 51 postprogram written responses indicated that most students
developed a personal connection with the reduction
of greenhouse gas emissions, noting actions to reduce
them. The following statements are from the posttest
responses to the question—“List one way you can
reduce the amount of carbon dioxide that goes into
the atmosphere.”

Attitude survey. Upon completion of the program,
students were given a questionnaire that examined
their attitudes and feelings of self-efficacy during
the program. The survey helped us evaluate three
constructs: attitude toward personal skills (i.e., data
collection and graphing), attitude toward science,
and understanding of environmental processes.
Because of improvements to the question content and
structure, the survey given in 2007/08 varied from
that given in 2008/09. Results only from the 2008/09
survey are discussed below.
In 2008/09, the survey had six questions with a
Likert scale and two open-ended questions (shown
in Table 3 with evaluation constructs). In 2008/09,
118 students completed the survey. Fifty-one sets
of both pre- and postsurveys were available for this
evaluation, including 25 representing fifth grade
students and 26 representing sixth grade students.
Only one question on the Likert scale—“I feel confident graphing temperature and pressure”—showed
a statistical difference among sixth grade students.
Specifically, the preprogram value for this question
was 3.1 ± 1.0, and the postprogram value was 1.8
± 1.0.

13 students said walking, biking, or busing instead
of driving;
5 students said using carpools, fuel efficient cars,
or electric cars;
19 students said planting more trees; and
5 students said recycling.
As previously shown by Cordero et al. (2008) and
Lester et al. (2006), effective climate change education
can allow students to make a connection between
their actions and the greenhouse effect; while we
saw evidence of this within the postprogram written
response from students, this did not appear within
the Likert scale survey results.
In 2008/09, the teachers were asked to reflect on their
students’ learning using the same questions. All of the
surveys said their students overcame a challenge, and
all of their students learned something new. Overall,
teacher responses to CHANGE were favorable.

TABLE 3. Attitude survey completed by students in 2008/09 at end of program.
Please circle the number that agrees with your response to the
following statements
Doing science is fun.
I feel confident graphing temperature and pressure.
I can make choices to reduce the amount of
greenhouse gasses that go into the atmosphere.
I want to be a scientist when I grow up.
I know how to collect data.
My actions affect climate.

1 2 3 4 5
Agree

Disagree

1 2 3 4 5
Agree

Disagree

1 2 3 4 5
Agree

Disagree

1 2 3 4 5
Agree

Disagree

1 2 3 4 5
Agree

Disagree

1 2 3 4 5
Agree

Disagree

Construct
Attitude towards science
Attitude towards personal skills
Understanding of environmental processes
Attitude towards science
Attitude towards personal skills
Understanding of environmental processes

1) List one way you can reduce the amount of carbon dioxide that goes into the atmosphere.
2) List one new thing you hope to learn from the weather and climate program.
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[CHANGE] brings what we’re learning in the books
alive. Unless you do it, it doesn’t sink in. They [the
students] would lose it. (Sixth grade teacher)
In the classroom, it is a lot of blank faces. Out here
in the field, the light bulbs go on… They just get it.
(Fifth grade teacher)

Teachers reported increased inspiration among
their students and indicated that many students
stated that this experience has encouraged them to
seek future opportunities in science.
EFFECTIVENESS OF CHANGE. Based on
our experience, we believe CHANGE is a valuable
teaching tool for middle school students in alpine
communities. Much of CHANGE’s effectiveness is
due to three attributes of the program: 1) students
were engaged, allowing for development of science
language and vocabulary; 2) place-based curriculum
positioned learning in context of students’ community; and 3) CHANGE built a dialog between students
and Earth scientists.
Student development of science language and literacy.
CHANGE introduces students to the vocabulary
of climate and weather science, such as aerosols/
particles, greenhouse gasses, and relative humidity.
For example, students who could identify a greenhouse gas by the end of the program increased from
54% to 90%. Approximately 71% of students also
could differentiate examples of climate from weather,
whereas fewer than 50% could make the distinction
before completing the program.
Place-based curriculum provides context. Anecdotal
comments from the survey suggest that students
made connections between their studies and science
within their community, and thus found inspiration
from visiting SPL. For example, one student wrote
that he now wants to be a scientist and SPL was his
first chance to see specialized equipment. One teacher
commented that, “one of the things in our school
system is that math and science are hard to relate to.
But out here, it brings it home.”
Opportunity to build a dialog with scientists. Problemsolving is supported by an active dialogue between
students, teachers, and scientists. CHANGE uses
small group sizes and collaboration to encourage
interaction and conversation. CHANGE also provides students with a clear goal plus the opportunity
to collect and graph weather data, helping to guide
AMERICAN METEOROLOGICAL SOCIETY

the conversation with and among students. Finally,
students learn how their tests relate to research being
done by professional scientists because students have
an opportunity to compare their results to those taken
by highly sensitive instruments at SPL. Discussions
regarding instrument calibration and time response
follow this comparison. For example, a few students
often carry their Weatherman inside their coat during
the field trip. The measurement of warmer temperatures allows for a conversation pertaining to instrument time response. This comparison has helped
students understand that their data have contextual
relevance to the scientists’ research.
SUGGESTIONS FOR PORTABILITY, IMPLEMENTATION, AND IMPROVEMENT OF
CHANGE. Overall, alpine regions are sensitive,
first-response indicators of climate change (e.g.,
Solomon et al. 2007; Beniston 2006). Because climate
change is a local, regional, and global phenomenon, it
is particularly important for people in alpine regions
to become involved in learning and educating themselves about the impact climate change may have on
their community and the world (Payne 2002); thus,
we suggest the implementation of the CHANGE
program for middle schools specifically in alpine
regions. Focusing on alpine regions can allow students to explore specific ecological changes resulting
from climate change (e.g., shifting tree line, snowpack
reduction). In order for students to observe a change
in pressure for the graphing exercise, they will need
a field trip with approximately a change in elevation
of 300 m (1000 ft). Three keys to program success are
getting the students outside, interacting with scientists, and having them collect their own data. Thus,
this program could be conducted on any mountain
pass by fellow atmospheric scientists.
Based on our experience, we have several suggestions for implementing CHANGE in other
alpine communities. We attribute the success of
CHANGE to its place-based instructional approach
that seeks to increase the motivation to learn by
engaging students in activities that directly relate
to their immediate environment (Theobald 2006).
Although students are important in place-based
education, stakeholders also include teachers, parents, and other community members who all contribute knowledge and learn by participating in the
education process situated in a local environment.
Throughout the field trip, students work in small
groups of four with one additional trained volunteer
mentor. The volunteers include local senior citizens
who have expressed an appreciation for the learning
JULY 2011
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and recreational opportunities offered by the program. A key to the success of CHANGE includes an
effective volunteer training effort and participation
by many active volunteers.
Since the program’s inception, we have made improvements to increase safety and improve efficiency.
The relationship between the program coordinators,
teachers, principals, and superintendents has been
enhanced during this period. Logistical issues,
including transport, clothing, supplies, permission
slips, and liability concerns, are both understood
and addressed. The program now runs smoothly
and, as similarly experienced by LaSage et al. (2006),
attendance is high and complaints are few because
advance notice is given and detailed instructions are
provided. Communication prior to each program and
feedback from the teachers has been extremely useful
in improving the program. Teachers have provided
suggestions pertaining to attention span, new props
for the program, and discipline.
Although not currently implemented, we are
planning three improvements to the CHANGE
program. First, because the program is limited by
its short duration, additional curriculum materials
for pre- and postprogram instruction by classroom
teachers would better introduce and reinforce concepts and scientific language. Preprogram lesson
plans will allow students to have the necessary time
to understand information before being asked to
apply it. Likewise, providing teachers with followup lessons helps students to make connections between climate, weather, and climate change, while
reinforcing content. Materials should be provided
to support students’ future inquiry, as suggested by
Krajcik et al. (1994). For example, these materials
could include a virtual question and answer box
on the CHANGE Web site to give students the opportunity to “Ask a scientist.” This methodology
has been used successfully (Bottomly et al. 2000).
To support classroom learning and expand teacher
knowledge of climate change, this extended curriculum also should include professional development
for educators.
Second, students should be given clear feedback
on how they performed. Currently, students take a
pre- and postassessment quiz but do not learn their
results. Their work from this program, including data
collection and graphing, is not graded or reviewed
with them. While there is ample opportunity for each
student to work in small groups and compare data
with that of classmates, a formalized opportunity to
give feedback and support would reinforce student
learning.
916 |

Third, professionally designed evaluation would
enhance the quality and quantity of feedback from the
program. The current assessment was developed by
atmospheric scientists and local educators, focusing
on program goals. The assessment is short-term and
simple, but serves as a pilot study that hopefully
will support funding for a multifaceted formal
evaluation.
CONCLUSIONS. CHANGE can be used as a
model for middle school students in alpine communities to teach lessons in weather and climate.
The hands-on, place-based format of CHANGE
introduces students to the science of climate change.
The students also feel a level of competency with
using equipment, collecting data, and graphing. By
connecting students to Earth scientists, CHANGE
may inspire students to pursue careers in science.
This is especially important to students in rural areas
where exposure to careers in science is limited. While
CHANGE has room for improvement and growth,
the program has had a positive impact on student
learning and has built a foundation for middle school
students to increase their climate science literacy.
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