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Abstract

The purpose of this study was to investigate sttsdennceptions of global warming and climate
change. The study was descriptive in nature aftected a cross-age design involving the
collection of qualitative data from 51 secondandsints from three different schools in the
Midwest, USA. These data were analyzed for coriteah inductive manner to identify
student’s conceptions. The categories that emdrgedthe students’ responses reflected
different degrees of sophistication of studentsiaaptions about global warming and climate
change. Based on these findings we make curricetarmmendations that build on the
students’ conceptions, the IPCC Findings, the NRI®§) science education standards, and
NOAA's climate literacy framework.
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1. Introduction

Climate is a component of the National Researchn€ita (NRC, 1996) science
education standards and just about every sciemtgotek from fourth grade on addresses
climate. Yet, these textbooks appear to be dedignth little consideration of students’
conceptions and in fact may reinforce certain mseptions. Furthermore, students’
conceptions may or may not fit current scientifezgpectives because their conceptions are built
on a combination of unique personal and social kepees (Driver, Guesne & Tiberghien,
1985). Consequently, there is a lack of what Drateal. (1994) called curricular continuity, a
sequence of experiences that build from studentsteptions toward scientific understanding
and ultimately scientific literacy.

Research in the area of students’ conceptions gjmsicience phenomena is lacking
(Manduca et al., 2002) and related research imremwviental education tends to focus on
students’ factual knowledge about environmentalassand on their environmental attitudes and
behaviors (Rickinson, 2001). Therefore, it is eis&for research in geoscience and
environmental science education to continue to eamaur understanding of students’
conceptions about geoenvironmental phenomena amse{Payne, 1998) to inform standards,
curriculum, and instruction in geoenvironmentakscie education. The purpose of this study
was to investigate students’ conceptions aboutajlarming and climate change, add to the
extant literature base on students’ geoscienceeamtdonmental science learning, and provide
guidance to curricular development. Specificdltg research question guiding this study was:
What are secondary students’ conceptions of giahaining and climate change?

Based on these findings we make curricular reconaiaigons that build on students’

conceptions, the scientific perspective as reptesen the Intergovernmental Panel on Climate
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Change (IPCC), the National Research Council (N&siBnce education standards, and the
National Oceanic and Atmospheric Administration (NX) climate literacy principles.
1.1 Significance of Study

As human activities continue to add greenhousesgasarbon dioxide, methane, and
nitrous oxides—to the Earth’s atmosphere, globalgeratures are expected to rise, causing the
Earth’s climates to change. These climate changgsaffect precipitation patterns, severe and
extreme weather events, and over time environmsegsiéms. Furthermore, human health and
agriculture may be sensitive to climate changeerétore, if science education is to promote a
citizenry that is knowledgeable about global wargremd climate change it is essential to
determine what students’ conceptions are aboutgl@hrming and climate change (Osborne &
Freyberg, 1985) in order to plan curriculum andglemstruction that builds on these
conceptions (Driver et al., 1994). Furthermore study expands on previous research,
providing a historical perspective on changesunlants’ conceptions as well as providing new
insights into students’ conceptions about the pakanvironmental impact of global warming
and climate change.

2. Background

We reviewed 14 international studies published betw1993 and 2005 that investigated
secondary students’ knowledge about global warramgjclimate change. Instead of
individually describing each of the studies, wednapted to report our interpretation and
categorization of the findings in tabular form (Teb1-4). We grouped the findings from these
studies into four themes and 21 categories. Thetfeemes are: basic conceptions about global
warming and climate change (Table 1), causes dfafjliwarming and climate change (Table 2),

environmental impact of global warming and climelt@ange (Table 3), and resolutions (Table
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4). Within each theme we identified categories teflect the students’ conceptions. For
example, the them@auses of Climate Changecludes the categofgeneral Air Pollution
Students in the reviewed studies believed thai@lution is a major cause of global warming
and climate change. Forms of air pollution incldideid rain (Boyes et al., 1993; Boyes &
Stanisstreet, 1993; Pruneau et al., 2001); a lafygust (Pruneau et al., 2001); harmful and
unnatural gases (Gowda et al., 1997); generalodiutpn (Andersson & Wallin, 2000; Boyes &
Stanisstrret, 1997; Gowda et al., 1997); and poltuin general (Fisher, 1998; Gowda et al.,
1997; Pruneau et al., 2003; Pruneau et al., 2001).

Similarly, students viewed “o0zone depletion” as @on cause of global warming and
climate change. A commonly held idea was thabttene hole allows more solar energy to
reach the earth, causing global warming and cliroaéage (Osterlind, 2005; Pruneau et al.,
2003; Andersson & Wallin, 2000; Koulaidis & Chrbiu, 1999; Boyes et al., 1999; Boyes &
Stanisstrret, 1997; Rye et al., 1997; Boyes & S&tneet, 1994). Yet, some students believed
that global warming causes the ozone hole. Althaugumber of students believed that
increasing levels of atmospheric carbon dioxidesealglobal warming and climate change they
rarely identified methane or nitrous oxides as gheeise gases or as a cause of global warming
and climate change. Furthermore, many studenisvieel that greenhouse gases (i.e., carbon
dioxide) exist in a “layer” in the atmosphere ahdttthis layer absorbs or traps the sun’s energy.
The evidence students’ use for supporting themsdsbout climate change is temperature,
increasing or unpredictable temperatures, withdawdents connecting an increase in
atmospheric levels of greenhouse gases to an serealobal temperature. Although some
students see the consequences of global warmiocguaig skin cancer and further depletion of

the ozone layer, few students see the impact detyamr humans.
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Table 1. Secondary students’ basic conceptionsitalobal warming and climate change

Categories

Findings and Author

No Distinction
between the kinds of
radiation

No distinction among “ultraviolet rays,” “solar iy and “thermal rays or he:
(coming from the sun)” (Koulaidis & Christidou, 199

No distinction between “heat rays” and “ultra-viotays” (Boyes &
Stanisstreet, 1997 ; Fisher, 1998; Osterlind, 2005)

No distinction among “heat rays,” “ultra-violet |y “heat or high ambient
temperature” (Boyes & Stanisstreet,1998)

The kind of radiation
involved in the
greenhouse effect

Increased ultraviolet radiation, due to ozone depieresults in global
warming (Koulaidis & Christidou, 1999; Boyes & Sisstreet, 1997)
Heat or solar rays coming from sun is involvedha greenhouse effect, no

concept of terrestrial radiation. (Koulaidis & Gitiilou, 1999)

The kinds of
greenhouse gases

Consider greenhouse gases as air pollutants aadigrese effect as an
environmental problem (Koulaidis & Christidou, 1999

Do not consider ground-level ozone or gas fronilieet as greenhouse gase
(Boyes et al., 1993; Boyes & Stanisstreet, 1993)

Do not consider C@as a greenhouse gas (Boyes et al., 1993; Boyes &
Stanisstreet, 1993; Boyes & Stanisstreet, 199undawu et al., 2001)

Do not consider water vapor as a greenhouse gsise(fil998)

n

The position and
distribution of
greenhouse gases in
the atmosphere

Greenhouse gases form a thin layer in atmosphereuswling the earth
(Koulaidis & Christidou, 1999; Pruneau et al., 2p03

Carbon dioxide forms a “lid” or “skin” over the ¢arfAndersson & Wallin,
2000)

Lots of gases form a “roof” over the earth (Anders& Wallin, 2000)

The definition of
greenhouse effect

Do not know about the greenhouse effect (Andergs@fallin, 2000; Prunead
et al., 2001)

No distinction between greenhouse effect and glalaaming (Andersson &
Wallin, 2000; Boyes et al., 1993)

Erroneously involving
the ozone layer in
greenhouse effect

Greenhouse effect is that solar rays, reflectetheyearth surface, are trappe
by ozone layer (Koulaidis & Christidou, 1999)

Sun’s rays get trapped in the ozone (Boyes & Ssamnét, 1997; Pruneau et al.,

2003)

d

Confusion between
climate and weather

Able to sense climate change (Gowda et al., 198 dau et al., 2003)
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Table 2. Secondary students’ conceptions aboutdhses of global warming and climate
change

Categories Findings and Author
Environmentally Littering (Boyes & Stanisstreet, 1993; Gowda etH97)
harmful actions Using environmentally harmful products (Gowda et H97)
Pollution Acid rain (Boyes & Stanisstreet, 1993yBs et al., 1993; Pruneau et al.,
2001)

Nuclear waste (Boyes & Stanisstreet, 1993; Boyes. £1993)

General air pollution (Andersson & Wallin, 2000;\®s & Stanisstreet, 1997},
Gowda et al.,1997)

Chemicals, harmful and unnatural gases (Gowda,et397)

General pollution ( Fisher, 1998; Gowda et al., 7,9 uneau et al., 2001,
Pruneau et al., 2003)

Heat is trapped under a layer of dust created Bytgm (Pruneau et al., 2001)

Ozone hole Ozone depletion causes global warmingg8et al., 1993; Boyes &
Stanisstreet, 1993; Boyes & Stanisstreet, 1998iefFjd1998; Gowda et al|,
1997; Pruneau et al., 2001)

Ozone hole allows more solar energy to reach thé,ezausing global
warming (Andersson & Wallin, 2000; Boyes et al.929Boyes &
Stanisstreet, 1994; Boyes & Stanisstreet, 1997jd{dis & Christidou,
1999; Osterlind, 2005; Pruneau et al., 2003; Rya.£1997)

Cool air escapes into space through the ozone talsing the earth to warm
(Boyes & Stanisstrret, 1997)

Change in solar Increased penetration of solar radiation (Boyes.efl993; Boyes &
irradiation Stanisstreet, 1993; Pruneau et al., 2003)
Earth gets closer to the sun; sunrays hit moreeplaa the Earth (Pruneau et
al., 2003)
Barrier of gases Barrier of gases bounces backehefrom the Earth and keeps it from

leaving the Earth (Andersson & Wallin, 2000)

Table 3. Secondary students’ conceptions abouttpact of global warming and climate
change

Categories Findings and Author

No change in my life | No consequence in my life (Pruneau et al., 200dn&au et al, 2003)

Over estimate global | Much higher temperature estimations (Gowda efl8by)
warming

Skin cancer Causes skin cancer (Boyes et al., 1B8§es & Stanisstreet, 1993; Boyes &
Stanisstrret, 1998; Pruneau et al., 2003)

Do not understand Confusion over regional differences in that in sareas there will be more
regional variation flooding and in other areas there will be more dégmtion (Boyes &
Stanisstreet, 1993)

Depletion of ozone Greenhouse gases cause depletion of the ozongBxyyes et al., 1999;
layer Boyes & Stanisstrret, 1997; Boyes & Stanisstreg941 Gowda et al.,
1997; Rye et al., 1997)

General air pollution Greenhouse gases are aiutaois, increased greenhouse gases will cause air
pollution (Koulaidis & Christidou, 1999)
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Table 4. Secondary students’ conceptions abowlvieg global warming and climate change

Categories Findings and Author
Environmentally Protection of rare species, reduction of nuclesersal, keeping beaches clean,
friendly action use of unleaded petrol (Boyes et al., 1993; Boy&tahisstreet, 1993)

Pollute less, put waste in the trash, clean tleettPruneau et al., 2003)

Unawareness of socig-Limit CO,emission, implying the unawareness of dependendessil fuel
economic and the societal consequences of, G@htrol (Andersson & Wallin, 2000)
consequences of GO
control

Cannot be changed by Cannot change/stop global warming (Pruneau e2@0])
humans

3. Theoretical and Methodological Framework

A constructivistperspective guided this studZonstructivism, as a research referent,
aims to understand the meanings constructed bystsigharticipating in context-specific
activities using language (Schwandt, 1994). Cémrthis study was the written language and
symbols (drawings) used by students to represehtammunicate their meaning (Holstein &
Gubrium, 1994; Kress, Jewitt, Ogborn & Tsatsar@¥)1). These signs and symbols represent
the students’ interests, motivation, and what thiew as crucial and salient for their purpose in
making the sign or symbol (Kress et al., 2001)e fhteanings inherent in students’ conceptions
are contextualized because they represent studargsitive constructions at a particular point
in time (Patton, 2002); that is, they reflect tlmque social, educational, and cultural

experiences of the students.

Similarly, the authors constructed an understandfrte language and symbols the
students used to represent their conceptions baglearming and climate change—the authors
created constructions about the students’ congingtThus, meanings were constructed by the
authors within a socio-cultural context. Therefdhe codes and categories constructed by the

authors are shaped and colored by their experiearadsonceptions. Our interpretations of the



Global Warming and Climate Change 8

students’ responses, then, are interpretationsngexiin our experiences, conceptions, and
perspectives that are grounded in both environrhedtacation and the geosciences (Patton,

2002).

This study was descriptive in nature and refleatetdoss-age survey (Driver, Leach,
Millar, & Scott, 1996), involving the collection gfualitative data (i.e., student written and
drawn responses). These qualitative data wereahalyzed for their content in an inductive
manner to identify concepts and patterns in stutksgonses. The cross-age survey was
conducted with limited information about the soc@lltural, and educational experiences of the
students and how these might influence studenspamses. The intent was not to investigate
factors influencing students’ responses but to@epiheir conceptions about global warming
and climate change. The benefit of a cross-ageeyumas that it allowed us to collect data from
a large number of students with varying degreesdofational experience, thereby providing us
access to a breadth of student conceptions witérdift degrees of sophistication (Driver et al.,
1996). This permitted the characterization oflehis’ conceptions over different age groups,
and allowed us to identify trends or patterns udsnts’ conceptions and to compare these

conceptions to past research.

4. Method
4.1 Sample and Data Collection
We employed a purposeful sampling strategy, usieg-tassrooms of three teachers who
are involved in our climate and climate changeruttional development project. We opted for
a large sample size as this provided the advambggmpling a wide range of students so as to
document the similarity, diversity and/or variationtheir conceptions of global warming and

climate change; facilitating the comparison of da¢a (Patton, 2002).
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An assessment instrument (described below) wasrasheried to students in the
teachers’ classrooms. A total of 51 secondaryesttsdfrom the Midwest completed the
assessment. This provided us with a large ageer@grgdes 7, 8, 10, 11, and 12) across multiple
school settings and increased the heterogenetheaddample. The assessment was administered
to the students during the month of March. Studeotspleted the task during their regularly
scheduled science class. Each teacher was famitiathe assessment and its administration,
and they had reviewed and critiqued the assessmepiiot version was administered in the fall
to different students and revised based on thepaeses. The assessment was administered by
the teachers prior to any classroom instructioglobal warming and climate change. As noted
above, it is unknown what formal or informal eduaaal experiences these students had prior to
completing the assessment.
4.2 The Global Warming and Climate Change Assedssim&inument

The assessment instrument consisted of five itéons:.open-response items and one
draw-and-explain item. The instrument was desigreedn idea eliciting task (Osborne &
Freyberg, 1985) and based on the draw and exptatognl (White & Gunstone, 1992).
Therefore, student responses were not scoredgig™pnr “wrong” but were analyzed for their
content. The assessment used written promptscibstldent responses and these emphasized
the students’ concepts. A number of researchers hs@d similar tasks to elicit students’
concepts about environmental and geoscience pher@(aeqy., Alerby, 2000; Anderson &
Moss, 1993; Barraza, 1999; Bonnett & Williams, 1988yne, 1998; Simmons, 1994). The
students’ written words and drawings are conceptisalalizations or representations of their

understandings of global warming and climate chahgecontain a number of individual



Global Warming and Climate Change 10

concepts that are embodied with meaning (Alerb@02&ress et al., 2001). Thus, students’
conceptions may be constructed from their graptpeasentations (Vosniadou & Brewer, 1992).

The first item required students to interpret &stfic graph commonly used as evidence
for global warming (i.e., ice core data relatinmperature and carbon dioxide). The second
item probed students’ ideas about the relationBbtpveen carbon dioxide and global warming
by asking students to explain what would happeBath’s climate if carbon dioxide levels do
not increase in the future. The third item wasblasn the NAEP grade 8 released item, “Some
scientists think that the Earth’s climate is geftwarmer.” This item asked students to explain
how a warming climate might affect the oceans, heatplants and animals, and people and
society. The fourth item required students to deaa explain the greenhouse effect. The last
item probed students’ ideas about how natural mseE®and human activities might cause
carbon dioxide levels to change and what they cdaltb lower the level of carbon dioxide in
the atmosphere. Taken as a whole, the five itemdge an indication of students’ conceptions
about global warming and climate change.

The five items ensured credibility (Erlandson, karBkipper & Allen, 1993) in the data
collection and analysis process. It also provisjgtthronic reliability (Kirk & Miller, 1986) in
that the different items allowed us to interpret tonsistency in student responses. Each item is
equivalent in its content focus yet different ie thhanner by which it elicits students’
conceptions. This allowed students’ conceptionsetehecked against each other, providing a
degree of triangulation.

4.3 Data Analysis
Data analysis involved a content analysis of sttsleasponses resulting in the

identification of students’ concepts and this pesceas inductive in nature. The interpretive
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nature of the assessment instrument required arciivg approach; that is, instead of searching
for pre-determined patterns, themes were allowesirterge from the data as the authors
constructed meaning from student responses (P&@®2). The following process details the
analytical procedure described by Rubin and Rub®®%). From the first reading of the
assessment, core concepts (codes) were identifieese initial codes were revised after a
second reading. The codes with common/overlapihiegnes were grouped into categories that
reflected the students’ conceptions. From theseamstructed a category matrix that linked
each code to a category (Erickson, 1986) and #iicted the final categories of student
conceptions. This enabled us to organize and ctinscllata for saturation of categories and to
eliminate redundant categories (Erickson, 1986¢dlim & Guba, 1985). This process of
independently constructing categories and therhregaconsensus provided a degree of
triangulation, reducing the influence of bias anbjsctivity and increasing the validity of our
analysis and interpretation of the results (Pat2®02; Strauss, 1987). The data were also
analyzed for confirming and discrepant situationender to enhance the authenticity of the
interpretations and the credibility of the findin@Zatton, 2002). To ensure consistency in
coding, an inter-rater reliability coefficient wealculated by comparing two of the authors’
coding of 10 randomly selected assessments. Teernater reliability coefficient was 0.86.

Coding was monitored throughout to ensure congigtand reliability.

5. Results
We first present the content analysis and deseadiatistics for the five items of the
assessment instrument. Our presentation emphdkzesain concepts from the student
responses. For each item we present examplesd#rdtresponses to support our

categorization. For each student example wehesteéacher-grade-student number. We then
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present a visual map of the students’ conceptiased on the dominate concepts for each item,
to present a holistic view of the students conogystiof global warming and climate change.
5.1 Interpreting Evidence of Global Warming

Most students (n = 44, 86%) based their respondbkenoarbon dioxide-temperature
graph. Several students (n = 3, 6%), howeveraax@tl the cause of global warming without
reference to the graph, saying that an increagesenhouse gas (i.e., carbon dioxide) would
cause global warming. The remaining students editenot know (n = 2) or did not believe (n
= 2) that the graph supported global warming. @f44 students who explained the graph in
terms of atmospheric carbon dioxide levels and tFatpre, 21 indicated that increasing carbon
dioxide levels caused an increase in temperatuabl€Ts) and 4 indicated the reverse—that
increasing temperature caused an increase in cdibgide; 7 students indicated that carbon
dioxide and temperature influenced each other. réhmining students (n = 12) identified either
increasing temperatures or increasing levels dia@adioxide as evidence of global warming,
but they did not draw a correlation between cartioride levels and temperature; that is, they
based their responses on the graph, but did ndicegkpidentify a relationship between
atmospheric carbon dioxide levels and temperailablé 5).

Table 5. Example Student Responses

Rising CQ leads to These data support scientists’ view that the ckénisitvarming because everytime the

temperature increase carbon dioxide rises, the temperature rises alsd. éverytime the carbon dioxide

(n=21, 41%) lowers, the temperature lowers also (1-8)

This graph clearly shows that as the carbon dioladel rise, the temperature rises with|i
As the CQ drops, so does the temperature. (W-T)

If in the past the temperature got higher and loagethe carbon dioxide rises and falls, as
carbon dioxide increases because of cars and wibaern technologies the
temperature theoretically should follow as it haselin the past and increase. (f1-7

—

-4)
Not mentioning the | think these data supports scientists’ view thatdlimate is warming because it shows
correlation between how the temperature is warming over time {T-7)

CGO, and temperature | When you look at the chart you can see a noticedifference along the years. You can
(n =12, 24%) see that temp + carbon dioxide both increase. (H-2)
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Less than half (n = 21, 41%) of the students agtieatif there was no increase in
atmospheric carbon dioxide levels there would behange in global warming or the climate,
while 28 (55%) students said that our climate watlldnge regardless of atmospheric carbon
dioxide levels (Table 6). The remaining 2 studelidsnot respond. The 28 students that said
that our climate would change regardless of carhoxide levels provided a variety of reasons.
Of these, 16 students thought other atmospheriesgasd air pollution in general would cause
the climate to change and 2 believed that ozonketiep would cause the climate to change.
Only 2 students believed that the Earth’s natultarotation and orbit (natural processes) would
cause the Earth’s climate to change. The rema@istyidents had various responses.

Table 6. Example Student Responses

No increase in C® | Because usually, when the carbon dioxide incredlsesemperature increases, and when|the
results in no climate carbon dioxide decreases, the temperature decreasesys the same (M"78)

change Our climate wouldn’t change, because if the cantioride doesn't increase, then the

(n =21, 41%) temperature wouldn’t change either, so therefoeectimate wouldn’t change (M'8-5)
Other gases and air| Carbon monoxide, carbon trioxide might cause a gaam the earths temperature (M-8
pollutants will cause 14).

climate to change | Burning of fossil fuels, trash, polutance (D™1)

(n =16, 31%) Smoke and fog or just any kind of polution (D™-5)

5.2 The Impact of Global Warming

How do students explain the potential impact ofemming climate on the Earth’s oceans,
weather, plants and animals, and people and s@ciety

5.2.1 Oceans Most students expect the ocean levels to riserasult of melting polar
ice (n = 26, 51%) or because of increased pretipitdn = 2); yet 7 (14%) students thought that
the ocean levels would decline (Table 7). Corradpwly, 14 students stated that the oceans
would get warmer. Although most students thoulgat global warming would have some
impact on ocean levels, two students felt thabtesan levels would remain unchanged because
of a balance between melting polar ice and incbasean evaporation. For 8 students global

warming would result in more ocean evaporation|evhistudents thought there would be more
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ocean precipitation. These students, howevemadidink these results to a change in ocean
levels. The remaining 3 students held varioussadmut the impact of global warming on the
oceans’ chemistry (e.g., dissolved oxygen and cadbaxide levels and salinity). None of the
students explained the potential impact of globalming on ocean life or coral reefs.

Table 7. Example Student Responses

Sea levels rise dug If our climate gets too warm it could melt the pdtee caps which would raise sea level

to melting polar greatly (M-7"-4)

ice The oceans would overflow and cause major flootiss €ffect will happen because the polar
(n =26, 51%) ice caps would melt, and the oceans will flood (1-8)

Ocean level The oceans decrease in size because warmer temperatake water evaporate (M-80)
decline because of | think if the tempacture gets to high the watelt evaporate so the oceans would drie up (T-
evaporation 7™ 1)

(n=17, 14%)

5.2.2 Weather Not surprising, 45 (88%) of the students thoubht the weather would
get warmer and that this would have an impact ecipitation; with the warmer weather
causing less snow (n=13) and rain (n=6), more (r&i4), more humidity (n=3), and more
evaporation (n=2) (Table 8). Perhaps what is nmdezesting is that no students explained the
impact on weather in terms of geographic locatioregional variation. These Midwestern
students did not identify the potential impact gl warming on the frequency or severity of

tornados and blizzards; yet, 6 students believerkttvould be more hurricanes.

Table 8. Example Student Responses

Warmer Winters might be milder and the summers hotterljgstause the temperature will rise if it
weather happens (T-7-12)

(n =45, 88%) | This would happen because the Earth would be waam#icause us to have a more tropical
climate (D-1¢' -1)

Change in It would snow less often because most places wduéncold enough and it would probably
Precipitation rain more because of the warmer and more humida(tsecof the rise in ocean level)
(n =27, 53%) climate (M-7"-4)

It would rain more often, because water would evaggomore often, which would cause it to
rain more (M-§' -8)

There would be little snow and lots of rain becaiheheat will cause the water on Earth to
evaporate quicker and more often (1-8.4)

5.2.3 Plants and AnimalsOverwhelmingly (n=48, 94%) students expect tjiabal

warming would impact plants and animals, with naestcribing negative impacts. Although the
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student responses varied, the majority of stud@t39, 76%) believed that plants and animals
would die or decrease in number; with 13/39 stuslepecifically stating that hotter weather
would result in more plant and animal deaths (T&@bleA few students (n=3) felt that the
warmer weather would benefit plants because ohgdopgrowing season. Only seven students
described the impact of warmer weather on planfiahinteractions; that is, a change in plants
would have an impact on animals and vice-versaallQff the student responses, only 5
responses specifically identified precipitation—sleain—as impacting plant and animal life.
Thus for most students warmer weather will havegtieatest impact on plants and animals. It is
also interesting that none of the student resposysesifically described the impact on
agriculture—crops and livestock. Their responsesised only on “wild” animals and plants.

Table 9. Example Student Responses

Would die from | If these scients are correct probably some plamdsaaimals would die, first of all because some

warmer/hotter plants and animals live in cold areas and survivthése areas and cant live in warmer
weather climates because they arnt used to it (f+8)
(n=13, 25%) The plants and animals way south and way up noittlallvdie, mutate, or become endangere

not being able to survive the warm weather (V+-84)

Would die from | If our plants don'’t get the moisture they need thélyyeventually die and also with animals who
less rain eat plants, if there are no plants those animalsiei (M-8"-2)

(n =8, 16%) The plants may die because they would dry up becatthe heat index. Animals may die of
thirst because all of the bodys of water would &perating (M-8-10)

5.2.4 People and Societiany students (n=23, 45%) did not believe thabal
warming would have an impact on humans or socieéple 10). These students believed that
human ingenuity and technology would solve the lemob For 13 (25%) students global
warming would cause humans to die; with floods (jnt@at (n=4), and lack of drinking water
(n=5) as the main causes of human deaths. Thesoaietal impacts included having to buy
new cloths (n=3), the loss of food (n=3), havingrtove to a new location (n=4), and the loss of

land because of rising oceans (n=4).



Global Warming and Climate Change 16

Table 10. Example Student Responses

No Impact Nothing will change, because people and societyfind ways to survive (M-@ -13)

(n=23, 45%) Things would change but | think after some readjgspeople and society would get use to th
changes. | think this because humans are an geellirace that can overcome almost
anything (D-16'-1)

D

People will die | If these scientists are correct people in our ayumbuld actually die if it gets so warm that so
(n =13, 25%) much carbon dioxide will be produced and we wilt he able to breathe (M"85)
People will Die because the heat will dry up theéaraso we have nothing to Drink (T-2.3)

5.3 Understanding the Greenhouse Effect

Only 25% (13/51) of the students specifically idged carbon dioxide as a greenhouse
gas and 6 (12%) simply described “gases” in theoaphere. Only 1 student identified a second
greenhouse gas (i.e., water vapor). Many (n 24%) students represented the greenhouse gas
as a layer in the atmosphere (Figure 1) that:

Keeps the heat in as an insulator” (I(ﬂ—]?) or that the “sun rays . . . try to escape

the atmosphere but are bounced back to Earth.COflevels in the atmosphere

are high enough to let rays in, but not out” (¥+2).
A number of students (n = 13, 25%) drew and expldia “greenhouse,” a literal interpretation
(Figure 2): “The sun rays go inside the greenh@gkcan’t get out that is the greenhouse
effect” (M-8"-7). A few students (n = 4, 8%) explained the grerise effect by comparing the
atmospheric greenhouse effect to a “greenhousgu(€i3). Only four students (8%) confused
ozone with the greenhouse effect, for example,sbngent said “The sun sends off rays and it
goes through the ozone layer, and hits earth, anddes off the earth back into the ozone” (D-
11th 5). Thus, most students did not understaad@jtbenhouse effect or that carbon dioxide is a

greenhouse gas or that other naturally occurrimgrarman produced greenhouse gases exist

(e.g., methane and water vapor).
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A key concept of the greenhouse effect is radidtiveing; yet, only 17 (33%) students
described the greenhouse effect in terms of ragidtircing, explaining the greenhouse effect in
terms of the “sun’s rays” versus differentiating ladiative energy (Figure 4). For example:

The sun rays come down to Earth, bounce off, tgstape the atmosphere, but

are bounced back to Earth (M-2). Suns rays hit the earth bounce back and hit
the green house gasses and stay in and heat theRar1"-4).

5.4 Explaining the Change in Atmospheric Carbonxitle Levels

Students were asked to explain how natural prosess& human activities might cause
atmospheric carbon dioxide levels to change and edwdd be done to lower carbon dioxide
levels.

5.4.1 Natural ProcessesThe students provided a number of wide rangkpgiamations
about natural processes that might affect atmogpbarbon dioxide levels (Table 11). The four
most common explanations centered on:

a natural change in temperature (n =12, 24%),
volcanic eruptions (n = 9, 18%),
animal/human respiration (n =9, 18%), and

forest fires (n = 7, 14%).

Table 11. Example Student Responses

Temperature The warmth of the earth or atmosphere. PhotosyisthElse warmth of the earth would causg
change the carbon dioxide levels to change because catioxde is in the atmosphere and it
(n =12, 24%) rises when it gets warmer and warmer (i1-8)

O

A rise in temperature and the rotation of the eaftbmperature makes the carbon dioxide t
change so when the temperature changes the caibadedchanges (M-8-10)

Volcanic eruption | The smoke from the volcanoes can cause thdevels to rise The smoke molecules are

(n =9, 18%) replacing some of the other molecules that corte&rCg (M-8" -4)

Volcano’s send up carbon dioxide into the air aodl@ change the carbon dioxide levels up a
little but not much When a volcano erupts it sentlof the vent deadly gases, and
material that can put more carbon dioxide in thg@i10" -1)
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5.4.2 Human Processe#lthough students identified a number of humetivéies that

cause atmospheric carbon dioxide levels to riss; dverwhelmingly attributed the increase to

vehicles (n = 30, 59%) and factories (n = 25, 49%aY 8 (16%) students described deforestation

(Table 12). A number of students (n = 15, 29%djdih air pollution in general as causing

atmospheric carbon dioxide levels to increase.

Table 12. Example Student Responses

Transportation
and

factories
(n=37, 73%)

Driving vehicles that burn a lot of gas, or fac#srihat burn a lot of stuff to make products. The
would put more Cgin the atmosphere (D-117)

Human activities that might cause the carbon die¥é&vels to change is the smoke from factorie
and cars and other things like these. These huwtaiitizs might cause the carbon dioxide
Ievel;hto change by all the nasty smoke goingtiméoair mixing with the good carbon dioxid
(D-12"-3)

Yy

£S

General air
pollution
(n =15, 29%)

By the polluting air mess up the earth’s atmosplBré 1™ -3)

Car exust, warehouse exust, and other chemicaltpaik in the air. The gasses would mix in th
air. (D-12"-1)

Factories, smoke, gases, pollution air spills. B gas which goes into the air mixing with the

carbon dioxide (T-7 -13)

5.4.3 Resolution A number of different solutions were describgdstudents, with the

most common responses reflecting (Table 13):

the reduction in driving or using the car lesspgdess energy (n = 24, 47%),
reduce pollution in general (n = 11, 22%), and
reduce the number of factories and require “aefd” (n = 10, 20%).

Table 13. Example Student Responses

Reduce/use | If you live close enough to your work/school, yanaide a bike or walk to work instead of
care less driving (M-7" -3)

(n =24, 47%)

Reduce | can make sure that everything goes in the trasloibis kept off the ground, and write a letter tq
pollution the chemical plants requesting them to find a betsy to get rid of chemicals (M*84)

(n = 11, 22%)| Stop polluting things & start recycling (D-112)

5.5 Visual Map of Students’ Concepts

Based on the foremost student responses for earohoih the assessment instrument we

created a visual map of students’ concepts (Figurerhe visual map is intended to present a
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holistic view of the students’ conceptions of glblwarming and climate change. The

percentages reflect the number of students wheeegpd that concept.

6. Discussion

It is important to stress that the conceptions lesd in this paper reflect the sample as a
whole and not individual students. It is possiblat an individual student, under a different
context, might convey a different conception. Thaceptions are an attempt to characterize the
different conceptualizations students hold aboobagl warming and climate change and to
summarize these in such a way as to inform praaticeto further our understanding about how
students make meaning of the natural world.

These students’ conceptions about global warmimigciimate change in many ways are
similar to previous findings. For example: theg aonfused about the greenhouse effect as well
as the kind of radiation involved in the greenhoeffect. They indicated that global warming is
caused by greenhouse gases (i.e., carbon dioxidegiapollution in general (e.g., Boyes, &
Stanisstrret, 1997; Gowda, Fox, & Magelky, 1997y@&x & Stanisstreet, 1993; Pruneau, et al.,
2001) and that carbon dioxide or greenhouse gasesd layer in the atmosphere that traps and
reflects the sun’s energy (Koulaidis & Christidd999; Pruneau, Gravel, Courque & Langis,
2003; Andersson & Wallin, 2000)These conceptions of the “greenhouse effect” aenferced
or even built on the images and diagrams used myrsacondary earth and environmental
science textbooks. For example, the greenhousetetpresented in Figures 6 and 7 implies the
existence of a “greenhouse gas” layer above ththBaurface that traps and reflects the sun’s

energy. Thus, greenhouse gases cause the Earipetature to rise. At the same time, Figures
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7 and 8 represent factories discharging smoke@iutants) into the “greenhouse gas” layer of
the atmosphere. Therefore, air pollution in gehisra greenhouse gas and factories in particular
are the major source of “greenhouse” gas. Theggalias put forward the notion that in order to
resolve global warming humans need to pollute thiess, build fewer factories, or require
factories to use “filters”. The impression thaesce textbook diagrams can have on students
may be seen in Figure 9, where the greenhouse eff@awn by this student is very similar to

Figure 6; one of the few students to identify “arfed rays” in addition to “sun rays”.

These students conceptions about the impact ohblearming and climate change on
humans is also similar to previous findings, whaany students do not believe that global
warming and climate change will have a major immacpeople or society. There is no
perceived consequence in the students’ life (Pueeal. 2001 & 2003). Many students
believed that humans would develop new technologig¢kat people would find ways to survive
or adjust to the environmental changes causeddbagivarming and climate change. For some
students, however, global warming would cause hudeaths as a result of floods, heat, and the
lack of drinking water (drought). Students overwhiglgly attribute the increase in atmospheric
carbon dioxide levels to vehicles and factoriebud], for these students solutions to global

warming involve driving or using the car less, reidg pollution in general, and reducing the
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number of factories that pollute. Like Anderssod &viallin’s (2000) findings, these students
emphasized carbon dioxide emission limits, implyamgunawareness of society’s dependence
on fossil fuels and the societal consequencesmtfaiting carbon dioxide emissions. The
resolutions that students suggested seem to beei)stot connected to their daily lives or
actions as secondary students. In essence, thentt did not relate global warming and
climate change to their daily life or future acties.

Unlike previous studies, however, most of thesdestts did not link the ozone hole
(stratospheric ozone depletion) to global warming elimate change, suggesting that students
are becoming more knowledgeable about the differé&etween global warming and
stratospheric ozone depletion. Furthermore, stisdarthis study expect that global warming
would impact plants and animals, causing plantsaamchals to die or decrease in number as a
result of warmer weather or less precipitation. Mstadents, however, did not consider the
impact of global warming and climate change ondbmplex interdependence of plants and
animals. The impact on agriculture—crops and tvels—was not considered; the students
focused only on “wild” animals and plants. For thest part, these students thought that global
warming and climate change would only affect terapee and precipitation. They hold a
simple conception of an earth climate system. mangase in the frequency and severity of
weather events was not considered as a possibéegoence of global warming and climate
change. Geographical variation of climate chaage result of global warming, was not
considered. Similarly, these students expectgludital warming will result in sea level rise as a
result of melting polar ice or because of incregsegipitation. Correspondingly, students

stated that the oceans would warm.
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Similar to the previous studies we found that altftostudents held rudimentary
concepts about global warming and climate changg ldck a rich conceptualization of the
issue. Fundamentally their conceptions of globainaing and climate change are both limited
in scope (narrow) and simplistic (lacking complgkitYet, the students’ conceptions as a whole
are similar to the IPCC findings, albeit less coexpl The main student responses are compared
to the IPCC findings (i.e., the scientific perspee)in Appendix A. The conceptual gap
between these students and the IPCC scientifippetise calls for effective learning
experiences that require a curriculum sequencednay that moves students toward scientific
understanding—curricular continuity (Driver et dl1994). Designing a curriculum based on
students’ conceptions that builds toward a scienpérspective is essential (NRC, 1996) if
students are to become more knowledgeable abdoglgharming, climate change and
environmental health in general. Educators, adinaiss and legislators would do well to heed
the notion that, “central ideas related to hegdtpulations, resources and environments provide

the foundation for students’ eventual understandimg) actions as citizens” (NRC, 1996, p.138).

6.1 Designing a Climate Science Curriculum

Although theNational Science Education StandatiRC, 1996) do not explicitly
identify global warming and climate change, plagniarriculum and designing instruction
contextualized within the issue of global warmimgl @limate change addresses a number of
NRC standards (Appendix B). Developing studentsiogptions of global warming and climate
change requires a curriculum that integrates theiglines. Unfortunately, many teachers and
school administrators inappropriately view the N&@ndards as a curriculum and as an
instructional guide for teaching content—the préaéstandards-based instruction. Simply

following the NRC standards as a curriculum, howeleads to a discipline-based and
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conceptually fragmented program of science leatniRganning curriculum and designing
instruction is a difficult and challenging procesade even more taxing by the scientific
complexity of global warming and climate changeddAo this mix the necessity to build from
students’ conceptions and you have an even mongidguask of developing conceptually rich
and personally relevant learning experiences.

The interdisciplinary nature of climate promotesricular linkages within the NRC
(1996) science education standards as shown inmpp®. Although the appendix presents a
condensed version of the K-12 science standardeminstrates that the development of a
curriculum grounded in climate science can prowpportunities for students and teachers to
explore and analyze the natural world from a systbased perspective rather than in isolated
segments (Table 14). Thinking about climate ane@ritiatural phenomena in such a holistic
manner creates a more meaningful context for lagrand doing science because it requires that
students use and apply concepts from the sciescelines.

Climate is an ideal interdisciplinary, integratitmgme for education. Beginning

with simple concepts and observations of weathdrveater, and building

increasingly complex inquiries and investigatiotoithe physical, chemical,

biological, geographical, social, historical an@evechnological dimensions of

climate, students and citizens have the opportuaityetter comprehend the

interconnectedness of this important topic and medesof this knowledge in their
lives and in their communities (NOAA, 2007, p. 1).

Table 14. The relationship between the NRC systandards and climate

NRC System Concepts Climate Concepts
Structure Different climatic regions and weathezregs
Function Distribute energy (heat) and water, ptard animal life
Feedback/Equilibrium Hydrologic cycle, biogeocheahicycles, ocean currents, atmospheric

circulation

Boundaries Geographic, topographic (relief/elevgtioceans, scales of time and space
Components Atmosphere, hydrosphere, biospheraufimg humans), lithosphere
Resources Radiative energy, water, pollutants
(inputs/outputs)
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Teaching students about global warming and climb#nge provides an ideal context for
introducing students to complex and messy systdrigeaeal world (Dahlberg, 2001).
Teaching and learning about global warming and alexchange in the context of a system,
requires that students think about how the heat fitee sun is absorbed and transferred by the
Earth’s land surface and oceans, how the sun’ggraerd water are distributed and how climate
and local weather events impact the distributioplaht and animal life, including humans.
How different geographic regions have differentnates because of topography and oceans. It
requires students to think about how the hydrolagid biogeochemical cycles are influenced by
humans and climate and how climate shapes the ptraps hydrosphere, biosphere, and
lithosphere. It requires students to think in teiwhscales of time and space. To support
educators in their efforts to plan a climate sysbawed curriculum, NOAA (2007) has
developedClimate Literacy: Essential Principles and FundanaiConceptghat identifies
seven essential principles (Table 15) and theid&mmental concepts that educators can draw
from to build a conceptual framework for developagurriculum grounded in system-based
learning. This provides educators and climatolatis opportunity to develop climate literate
individuals:

Your are climate literate if you understand théuehce of the climate on you and
society—and your influence on climate (NOAA, 20071).
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Table 15. Essential Principals of Climate Literg®yOAA, 2007)

Life & Climate

Essential Principle: Life on Eartdbeen shaped by, depends on, and affects
climate

How do we Know

Essential Principle: We understdradiimate system through observing and
modeling

Sun Drives Earth

Essential Principle: The Sun is the primary sowfcEarth’s energy

System

Complex Essential Principle: Earth’s weather and climateay are the result of complex
Interactions interactions between land, ocean, ice and atmospher

Natural Variability | Essential Principle: Earth’s weather and climatey wer time and space

& Change

Human Activities | Essential Principle: Recent climate change is milgneaused by human activities
and Change

Making Decisions

Essential Principle: Earth’s cltenaystem is influenced by human decisions whi

are complex and involve economic costs and soeilales
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Appendix A: Comparison of Student Responses a@dIFindings

Question

Main Student Responses

Summary of fF@@ings

Interpreting Evidence of

Global Warming and
Changes in Carbon
Dioxide

Rising CQ leads to temperature
increase (41%)

Climate changes regardless of
carbon dioxide levels (55%)

Other gases and air pollutants
cause warming (31%)

Carbon dioxide is the most important
anthropogenic greenhouse gas. T
atmospheric concentration of
carbon dioxide by far exceeds the
natural range as determined from
ice core data

Warming of the climate is evident fron
increases in global average air an
ocean temperatures, melting of
snow and ice, and rising global se
levels

Continued greenhouse gas emissiong
will cause further warming and
climate change

The Impact of Global
Warming: Ocean

Sea levels rise due to melting
polar ice; warming oceans
(51%)

Sea-level rise

Costal flooding and erosion

Loss of costal wetlands, salt marshes
and mangroves

Coral bleaching

Land use relocation, population, and

infrastructure
The Impact of Global Warmer weather (88%) Increase in drought-affected areas an
Warming: Weather Change in precipitation (53%) extent

Increase in heavy precipitation events
with localized flooding
Increased tropical cyclone intensity

The Impact of Global
Warming: Plants and
Animals

Plants and animals would die
from warmer/hotter weather
(25%) or from less rain (16%

Earlier leaf-unfolding, bird migration
and egg-laying
)Poleward/upward shifts in plant and
animal species
Earlier spring planting of crops
Alterations in forest disturbances from
fires and pests
Plant and animal extinctions

The Impact of Global
Warming: People and
Society

No Impact (45%)

Humans would die (25%) from
floods, hot weather, increase
CO,, and lack of drinking
water.

Increased heat mortality and infectious

disease, and death as a result of
d floods, storms, fires, and droughts
Increased mortality from water stress

Understanding the
Greenhouse Effect

Carbon dioxide as a greenhouse
gas (25%)

Greenhouse gas as a layer in th
atmosphere (24%)

Sun’s rays are emitted by the
Earth’s surface or clouds ba
into space; the atmosphere

> Changes in atmospheric greenhouse
gases and aerosols, in solar

e radiation and in land surface
properties alter radiative forcing
and the energy balance of the

ck  climate system

o=
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reemits it back towards the
Earth (33%)

Explaining the Change
in Atmospheric Carbon
Dioxide Levels: Natural
Processes

Natural temperature change
(24%)
Volcanic eruption (18%)

Volcanic and anthropogenic aerosols
have offset some warming that
would otherwise have taken place

Prior to 1950, a significant fraction of
the Northern Hemisphere
temperature variability is likely
attributable to volcanic eruptions
and changes in solar irradiance

Explaining the Change
in Atmospheric Carbon
Dioxide Levels: Human
Processes

Transportation and factories
(73%)

Not identifying any specific kinds
of greenhouse gases (75%)

Indicating only carbon dioxide a$
a greenhouse gas (24%)

Increases in carbon dioxide due
primarily to fossil fuel use and land-
use change

Increases in methane are primarily due
to fossil fuel use and agriculture and
waste production

Nitrous oxides are primarily due to
agriculture

Tropospheric ozone (nitrogen oxides,
carbon monoxide, and
hydrocarbons)

Changes in surface albedo, due to land-
cover change

Explaining the Change
in Atmospheric Carbon
Dioxide Levels:
Resolutions

Reduce/use car less (47%)
Reduce pollution (22%)

Fuel switching from coal to gas, nuclear
and renewable

More fuel efficient and hybrid vehicles,
shift to mass transit

Efficient lighting and electrical
appliances, improved insulation,
passive and active solar design

Landfill methane recovery, waste
incineration, composting, waste
recycling and reduction

4PCC, 2007, contribution of working groups |, Ihdlll to theFourth Assessment Report of the Intergovernmental

Panel on Climate Change
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Appendix B: Example of NRC Standards that Relat@labal Warming and Climate Change

Grade

Standard

Standard Excerpt

K-4

Earth and Space
Science

The sun provides the light and heat necessary totana the temperature
of the earth.

Weather changes from day to day and over the season

Life Science

The behavior of individual organismanifluenced by . . . external cues
(such as change in the environment)...

Humans depend on their natural and constructede@maent. Humans
change environments in ways that can be eitherfisealeor detrimental
for themselves and other organisms.

Science in Persona
and Social
Perspectives

IChanges in environments can be natural or influgbgehumans. Some
changes are good, some are bad, and some arer gaitdtenor bad.
Pollution is a change in the environment that cdluénce the health,
survival, or activities of organisms, including hamns.

Some environmental changes occur slowly, and othasr rapidly.
Students should understand the different consegsesfcchanging
environments in small increments over long per@slsompared with
changing environments in large increments overtgrenods.

5-8

Physical Science

Heat moves in predictable wagsifig from warmer objects to cooler
ones...

The sun is a major source of energy for changdh@earth’s surface. . |.

A tiny fraction of that light reaches the eartlansferring energy from thg
sun to the earth. The sun’s energy arrives as\uith a range of
wavelengths, consisting of visible light, infrareghd ultraviolet radiation

A1

Life Science

The number of organisms an ecosystemsapport depends on the
resources available and abiotic factors, such aatdy of light and
water, range of temperatures ... Lack of resourcdé#mer factors, such
as predation and climate, limit the growth of p@pians . . .

Earth and Space
Science

Water, which covers the majority of the earth’Sface, circulates throug
the crust, oceans, and atmosphere in what is kra@whe “water cycle”

The atmosphere is a mixture of nitrogen, oxyged,tegce gases that
include water vapor. ...

Clouds formed by the condensation of water vadtecaweather and
climate.

Global patterns of atmospheric movement influencallweather.
Oceans have a major effect on climate, because wadige oceans holds
a large amount of heat.

-
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Living organisms have played many roles in thetegystem, including
affecting the composition of the atmosphere ...

The sun is the major source of energy for phenoroerthe earth’s
surface, such as growth of plants, winds, ocearents, and the water
cycle. . ..

Science in Personad
and Social
Perspectives

|Causes of environmental degradation and resougdeta® vary from
region to region and from country to country.

Human activities also can induce hazards througburee acquisition,
urban growth, land-use decisions, and waste digp&ech activities can
accelerate many natural changes.

9-12

Physical Science

Chemical reactions may releasersume energy. Some reactions st
as the burning of fossil fuels release large anmwoahenergy by losing
heat and by emitting light. Light can initiate ngashemical reactions
such as photosynthesis and the evolution of urbags

A large number of important reactions involve ttansfer of either
electrons (oxidation/reduction reactions) or hy@mgns (acid/base
reactions) . . . . In other reactions, chemicaldsoare broken by heat or
light to form reactive radicals . . . Radical réaias control many
processes such as the presence of ozone and guserdases in the
atmosphere, burning and processing of fossil fuels

ich

Life Science

Human beings live within the worldsystem. . .. Human destructig
of habitats through direct harvesting, pollutiotmaspheric changes, an
other factors is threatening current global stgbili . .

Earth and Space
Science

Heating of earth’s surface and atmosphere by thelgues convection
within the atmosphere and oceans, producing windsoaean currents.

Global climate is determined by energy transfemftbe sun at and near
the earth’s surface. This energy transfer is arfited by dynamic
processes such as cloud cover and the earth’sorgtand static
conditions such as the position of mountain rargesoceans.

The earth is a system containing essentially alfasmount of each stable

chemical atom or element. . . . Each element o @aoves among
reservoirs in the solid earth, oceans, atmosph@ikprganisms as part g
geochemical cycles.

D

=

Science in Personad
and Social
Perspectives

I Natural ecosystems provide an array of basic peasethat affect
humans. Those processes include maintenance qtittigy of the
atmosphere, generation of soils, control of therblgdjic cycle, disposal
of wastes, and recycling of nutrients. Humanscaenging many of
these basic processes, and the changes may buateti to humans.

Materials from human societies affect both physigal chemical cycles
of the earth.
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Figure 1. Example of student drawings representiaudpon dioxide as a layer in the
atmosphere
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Figure 2. Example of student drawings representiteggreenhouse effect as a “greenhouse”
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Figure 3. Example of student drawings representimgnparing the atmospheric greenhouse
effect to a “greenhouse”
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Figure 4. Example of student drawings representatiative forcing as “sun rays”
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Figure 5. Visual map of students’ conceptions algbebal warming and climate change
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Figure 6. Textbook representation of the greenbaifect: Greenhouse gas layer
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Figure 7. Textbook representation of the greenbaiffect: Greenhouse gas layer and air
pollutants as greenhouse gases
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Figure 8. Textbook representation of the greenhaififeet: Air pollutants as greenhouse gases



Has a structure
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Figure 9. Example of student drawing based orbteo& diagram
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