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An Analysis of High School Students’ Conceptions of Conservation of
Mass on Carbon Cycle through Carbon Emission Scenario
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Abstract: The purpose of this study was to investigate high school students’ conception of conservation of mass through
the scenario of carbon emission in terms of carbon cycle. Seventy six high school students of 11th grade were
participated in this study. Participants were provided with two scenarios that showed a gradual increase and decrease of
atmospheric CO, amount from the level recorded in 2013 up to 450 ppm and to 340 ppm by 2110, which is the changes
of around 15%. We asked participants to explain the reason after having them draw the emissions trajectory of CO,
according to scenario. Most participants thought that carbon emission would continue to increase despite the two scenarios
of carbon emission making sense in terms of conservation of mass between emissions and the natural removal of carbon
dioxide. This implies that participants came to think of pattern matching that carbon emission would continue to increase
as they used correlation graphs of carbon emission: that is, the graphs of the evolution of anthropogenic emissions, of
atmospheric CO,, and of global mean temperature, from the beginning of the Industrial Revolution up to date, all of
which are shown in high school earth science textbooks.
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Fig. 2. Scenarios of Carbon dioxide emission.
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Table 2. Final net emissions and consistency of respondents

Table 1. Distribution of respondents among Carbon dioxide
scenarios

Carbon dioxide scenarios

450 ppm 340 ppm Total
N % N % N %
Respondents 45 592 31 40.8 76 100.0
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sl @ 208 [t
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(COz) N Eour Eia=E-R Consistency
ppm
in 2110 ‘E_R| Ea™> 6 Eiwa==*06 Eoa<o
(GtCyr™") N % N % N % N %
450 45 2.83 25 55.5 4 8.9 16 35.6 4 8.9
340 31 2.52 17 54.8 3 9.7 11 355 2 6.5
Total 76 243 42 553 7 9.2 27 355 6 7.9

1

*Tolerance +0= GtC yr-
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Fig. 4. Students’ responses about scenario of both 450 ppm and 340 ppm.
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Table 3. Coding of written explanations of respondents
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2t A e AAR & 9A ST Hflow) F
He] ol dAstelop Ao ' FE Fhol 450
ppmellA oFgslE = ZVoﬂr B E(stock-flow)2] 7Y
3E olslisiAl X3kl UeS o] ghth(Moxnes and
Saysel, 2009). w2tA o]zdt A+ AFEL FNE
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FoaL Stk A& dulstH, ole AR &
(stock-flow)2] A]Z~8] }\]'J_(OSSImltZ 2002)9] F=]
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Ei 20 gt stEel By waol

Coding criteria (concept) and example N %

—

. Pattern matching

The atmospheric COs is likely to be fairly proportional to the anthropogenic CO, emissions. In other words, since 21 27.6
the atmospheric levels seem to level off; it is likely to imply that the emissions do the same.

2. Increasing use of Carbon

. . . . . . 1 224
The emission of CO, will continue upward because dependence on fossil fuel is increasing. 7
3. Technological development 53 171
Technological development will try to reduce CO, emissions ’
4. Inertia
The rise in atmospheric CO, concentration seems to lag somewhat the increase in anthropogenic CO, emissions. 9 11.8
Therefore in order to stabilize CO, concentration by 2110, I think the level of emissions has to stabilize before then.
5. Mass balance 6 79
There is a relationship between emissions and removal of atmospheric CO, like mass balance. ’
6. Increasing of seawater
The volume of seawater increases due to increase of global temperature, therefore increases natural removal of CO, 5 6.6
by dissolution.
7. Nonresponse 5 6.6
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(a) Earth Science I (Lee et al., 2011)
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(b) Earth Science I (Choi et al., 2011)

Fig. 5. Average global temperatures and Atmospheric CO, concentrations.
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Appendix 1.
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Global temperature change according to CO, emissions
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Fig. 1. Global CO, emissions resulting from human activ-
ity (billion tons of carbon per year).
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Fig. 2. Atmospheric CO, concentrations, parts per million.
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Fig. 3. Average global surface temperatures, °C. The zero
line is set to the average for the period 1880-2010.



