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state of research 
Boyes & Stanisstreet (1992)

Boyes & Stanisstreet (1993)

Read et al. (1994)

Bostrom et al. (1994)

Dove (1996)

Boyes & Stanisstreet (1997)

Rye et al. (1997)

Bord et al. (1998)

Mason & Santi (1998)

Koulaidis & Christidou 
(1999)

Parchmann et al. (1999)

Andersson & Wallin (2000)

Jeffries et al. (2001)

Pruneau et al. (2001)

Khalid (2003)

Pruneau et al. (2003)

Papadimitriou (2004)

Österlind (2005)

Schuler (2005)

Ekborg & Areskoug (2006)

Sterman & Booth Sweeney 
(2007)

Taber & Taylor (2008)

Shepardson et al. (2009)

Hansen (2010)

main results:

1. Students tend to have scientifically non adequate conceptions about climate change.

2.Many students do not have scientifically adequate conceptions on the source and 
the role of CO2 in the climate system.
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Experientialism

3. Metaphors are not merely a linguistic phenomenon. 
They are a fundamental principle of thought and 
action.

1. Direct conceptions arise out of perception, body 
movement, and experience with our physical and 
social environment.

2. For concepts, which cannot be experienced directly 
we need to think in an imaginative way to understand 
them with metaphors. 

cognitive linguistics (Lakoff 1990), psychology (Schmitt 2005), neurobiology (Lakoff & Gallese 2005, 
Rohrer 2005), philosophy (Johnson 2987), and science education (Gropengießer 2007)
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development of learning 
environments

1. development of teaching-guidelines
2. development of learning activities
3. evaluation of learning activities

students‘ conceptions

teaching 
experiments 

(n=24 18 y; 11f, 13m)

reanalysis of
24 empiric studies

own interviews
(n=16, 18 y; 7f, 9m)

Duit, Gropengießer, Kattmann (2005)

research design: educational reconstruction

data analysis
QI: qualitative content analysis (Mayring 2003, Gropengießer 2005)

MA: metaphor analysis (Schmitt 2003, 2005)

scientists‘ conceptions

 carbon cycle
IPCC (2007),  Schlesinger (1997), 

Houghton (2002), Smith & Smith (2006)

QCA

QCA MA

MA
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»CO2 is released into the 
atmosphere by the burning of 
fossil fuel. […]

You can burn as much wood as 
you want. Wood does not 
contain CO2, because wood is no 
fossil fuel.«                                                 

Dirk (18 y.)
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II. natural vs. man-made CO2

»The CO2 emitted by the burning 
of fossil fuel is chemical, not 
biological. The chemical CO2 does 
not originate by it self like the 
CO2 from plants. The chemical 
CO2 cannot be captured by 
plants«                     Emma (18 y.)
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III. scientists‘ conceptions on the carbon cycle

circle-schema

balance-schema

container-flow-schema

vegetationatmosphereoceans

fossil carbon

sediments

515

Chapter 7 Couplings Between Changes in the Climate System and Biogeochemistry

change (primarily deforestation) (Table 7.1). Almost 45% of 

combined anthropogenic CO2 emissions (fossil fuel plus land 

use) have remained in the atmosphere. Oceans are estimated to 

have taken up approximately 30% (about 118 ± 19 GtC: Sabine 

et al., 2004a; Figure 7.3), an amount that can be accounted for 

by increased atmospheric concentration of CO2 without any 

change in ocean circulation or biology. Terrestrial ecosystems 

have taken up the rest through growth of replacement vegetation 

on cleared land, land management practices and the fertilizing 

effects of elevated CO2 and N deposition (see Section 7.3.3).

Because CO2 does not limit photosynthesis significantly 

in the ocean, the biological pump does not take up and store 

anthropogenic carbon directly. Rather, marine biological cycling 

of carbon may undergo changes due to high CO2 concentrations, 

via feedbacks in response to a changing climate. The speed with 

which anthropogenic CO2 is taken up effectively by the ocean, 

however, depends on how quickly surface waters are transported 

and mixed into the intermediate and deep layers of the ocean. A 

considerable amount of anthropogenic CO2 can be buffered or 

neutralized by dissolution of CaCO3 from surface sediments in 

the deep sea, but this process requires many thousands of years. 

The increase in the atmospheric CO2 concentration relative 

to the emissions from fossil fuels and cement production only 

is defined here as the ‘airborne fraction’.2 Land emissions, 

although significant, are not included in this definition due 

to the difficulty of quantifying their contribution, and to the 

complication that much land emission from logging and 

clearing of forests may be compensated a few years later by 

uptake associated with regrowth. The ‘airborne fraction of total 

emissions’ is thus defined as the atmospheric CO2 increase as a 

fraction of total anthropogenic CO2 emissions, including the net 

land use fluxes. The airborne fraction varies from year to year 

mainly due to the effect of interannual variability in land uptake 

(see Section 7.3.2). 

7.3.1.3 New Developments in Knowledge of the Carbon 

Cycle Since the Third Assessment Report

Sections 7.3.2 to 7.3.5 describe where knowledge and 

understanding have advanced significantly since the Third 

Assessment Report (TAR). In particular, the budget of 

anthropogenic CO2 (shown by the red fluxes in Figure 7.3) 

can be calculated with improved accuracy. In the ocean, newly 

available high-quality data on the ocean carbon system have 

been used to construct robust estimates of the cumulative 

ocean burden of anthropogenic carbon (Sabine et al., 2004a) 

and associated changes in the carbonate system (Feely et al., 

2004). The pH in the surface ocean is decreasing, indicating the 

need to understand both its interaction with a changing climate 

and the potential impact on organisms in the ocean (e.g., Orr 

et al., 2005; Royal Society, 2005). On land, there is a better 

understanding of the contribution to the buildup of CO2 in the 

atmosphere since 1750 associated with land use and of how 

the land surface and the terrestrial biosphere interact with a 

changing climate. Globally, inverse techniques used to infer the 

magnitude and location of major fluxes in the global carbon 

Figure 7.3. The global carbon cycle for the 1990s, showing the main annual fluxes in GtC yr–1: pre-industrial ‘natural’ fluxes in black and ‘anthropogenic’ fluxes in red 
(modified from Sarmiento and Gruber, 2006, with changes in pool sizes from Sabine et al., 2004a). The net terrestrial loss of –39 GtC is inferred from cumulative fossil fuel 
emissions minus atmospheric increase minus ocean storage. The loss of –140 GtC from the ‘vegetation, soil and detritus’ compartment represents the cumulative emissions 
from land use change (Houghton, 2003), and requires a terrestrial biosphere sink of 101 GtC (in Sabine et al., given only as ranges of –140 to –80 GtC and 61 to 141 GtC, 
respectively; other uncertainties given in their Table 1). Net anthropogenic exchanges with the atmosphere are from Column 5 ‘AR4’ in Table 7.1. Gross fluxes generally have 
uncertainties of more than ±20% but fractional amounts have been retained to achieve overall balance when including estimates in fractions of GtC yr–1 for riverine transport, 
weathering, deep ocean burial, etc. ‘GPP’ is annual gross (terrestrial) primary production. Atmospheric carbon content and all cumulative fluxes since 1750 are as of end 1994.

2 This definition follows the usage of C. Keeling, distinct from that of Oeschger et al. (1980).

IPCC 2007
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conceptions of the carbon cycle
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from man made CO2 to anthropogenic imbalance

»We can reduce the CO2 to zero if we use renewable 
energy solely.«                                                    (Laura)
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from man made CO2 to anthropogenic imbalance

»We can reduce the CO2 to zero if we use renewable 
energy solely.«                                                    (Laura)

»Yes. But the CO2 from oil and coal has more effect 
than the natural CO2«                                          (Laura)
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man was there.«                                                  (Tina)
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from man made CO2 to anthropogenic imbalance

»Yes. But the CO2 from oil and coal has more effect 
than the natural CO2«                                          (Laura)

Guideline 1:
Reflect the adaption of the natural vs. man-made on the 
container-flow-schema.
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from man made CO2 to anthropogenic imbalance

»Yes. But the CO2 from oil and coal has more effect 
than the natural CO2«                                          (Laura)

Guideline 1:
Reflect the adaption of the natural vs. man-made on the 
container-flow-schema.

»The carbon flows between oceans and atmosphere are 
in an equilibrium. The imbalance comes from burning 
and deforestation. Deforestation detains the capturing 
of CO2 by plants.«                                                (Laura)

Dienstag, 8. Mai 12



rel. time

re
l. 

sc
ie

nt
ifi

c 
ad

eq
ua

cy

Laura (18 y.)

from man made CO2 to anthropogenic imbalance

Dienstag, 8. Mai 12



rel. time

re
l. 

sc
ie

nt
ifi

c 
ad

eq
ua

cy

Without burning fossil 
carbon there would be 

no CO2.

CO2 from burning has a 
stronger effect than CO2 

from respiration.

„There as always 
been CO2“

Laura (18 y.)

from man made CO2 to anthropogenic imbalance

Dienstag, 8. Mai 12



rel. time

re
l. 

sc
ie

nt
ifi

c 
ad

eq
ua

cy

Without burning fossil 
carbon there would be 

no CO2.

CO2 from burning has a 
stronger effect than CO2 

from respiration.

More CO2-emissions by burning 
and deforestation.
Less CO2-capture by 
deforestation.

„There as always 
been CO2“

container-flow-model

Laura (18 y.)

from man made CO2 to anthropogenic imbalance

Dienstag, 8. Mai 12



rel. time

re
l. 

sc
ie

nt
ifi

c 
ad

eq
ua

cy

Without burning fossil 
carbon there would be 

no CO2.

CO2 from burning has a 
stronger effect than CO2 

from respiration.

More CO2-emissions by burning 
and deforestation.
Less CO2-capture by 
deforestation.

man-made CO2 natural vs. man-made CO2

„There as always 
been CO2“

container-flow-model

anthropogenic imbalance

Laura (18 y.)

from man made CO2 to anthropogenic imbalance

Dienstag, 8. Mai 12



»It is a fact that the CO2 emitted by burning has another 
structure than the CO2 emitted by respiration. CO2 
emitted by burning cannot be captured.«  (Gustav, 18 J.)

From man-made matter to man-made cause
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Guideline 2:
Recognise CO2 as a natural element of the atmosphere.

Dienstag, 8. Mai 12



»It is a fact that the CO2 emitted by burning has another 
structure than the CO2 emitted by respiration. CO2 
emitted by burning cannot be captured.«  (Gustav, 18 J.)

From man-made matter to man-made cause

»The natural and man-made CO2 is humbug, because in 
the story CO2 emitted by burning is captured again, 
too.«                                                         (Gustav, 18 J.)

Guideline 2:
Recognise CO2 as a natural element of the atmosphere.

Dienstag, 8. Mai 12



From man-made matter to man-made cause
»The natural and man-made CO2 is humbug, because in 
the story CO2 emitted by burning is captured again, 
too.«                                                         (Gustav, 18 J.)

Dienstag, 8. Mai 12



From man-made matter to man-made cause
»The natural and man-made CO2 is humbug, because in 
the story CO2 emitted by burning is captured again, 
too.«                                                         (Gustav, 18 J.)

Guideline 1:
Reflect the adaption of the natural vs. man-made on the 
container-flow-schema

Dienstag, 8. Mai 12



From man-made matter to man-made cause
»The natural and man-made CO2 is humbug, because in 
the story CO2 emitted by burning is captured again, 
too.«                                                         (Gustav, 18 J.)

Guideline 1:
Reflect the adaption of the natural vs. man-made on the 
container-flow-schema

»The reason why CO2 is emitted, the burning in man-
made. Respiration is natural. Climate change comes from 
an imbalance, by burning and deforestation.«  (Gustav, 18 J.)
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language shapes thinking – and culture

Dienstag, 8. Mai 12



language shapes thinking – and culture

coal, gas, and oil: fossil resources, fossil fuel, fossil 
energy sources, energy resources… 

anthropozentric perspective
‣ definition of a molecule via human useage
‣ metaphor frames cultural model of 

energy consumption: 
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language shapes thinking – and culture

If we think of fossil carbon only as a resource for energy, 
our energy consuming society is hardly to imagine 

without using this resource. 
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»I like it when it is a bit warmer. […] A 
global warming by 2 or 3 °C would be 
nice.«

»It is really a problem when the 
atmosphere is heating up!« 

Hanni, 18 years

frames of increasing temperatures
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Thank you for your attention!
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