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Analysis of Secondary School Students” System Thinking
on the Cycle of Matter in Earth System:
Considering the Impact of Human Activity on the Cycle

Hyunseok Oh - Kiyoung Lee!* - Kwonjung Kim!

Chuncheon National University of Education - 'Kangwon National University

Abstract : The purpose of this study is to analyze the level and characteristics of system thinking of
middle and high school students on cycle of matter in the Earth system considering the impact of
human activities on the cycle. For this purpose, we developed items for assessment and assessment
rubric through the analysis of 2015 revised curriculum and applying systems thinking, respectively.
Middle and high school students who participated in the Korea Earth Science Olympiad were the subjects
of this study. The level of system thinking was determined using the assessment rubric for student
responses collected using items for assessment. The characteristics of system thinking were identified
using word analysis. Based on these, the improvement of the curriculum considering the impact of
human activities was discussed. The results of the study are as follows: first, the system thinking level of
most secondary school students was low in identifying or classifying system elements for matter cycle,
and high levels, such as system relationship or generalization of patterns, were found to be relatively
small. It was found that students had a higher level of system thinking in the carbon cycle than in the
water cycle. Second, in terms of the characteristics of system thinking about water cycle, water was
recognized as a major system element and mainly related with evaporation between atmosphere and
other system elements. Whereas, in the carbon cycle, carbon dioxide was regarded as a major system
element, and photosynthesis and respiration were represented in relation with the biosphere. Third, for
education considering the impact of human activities on the matter cycle in the Earth system, it is
proposed improving the curriculum considering the socio-ecological system by extending the existing
earth system.

keywords : system thinking, water cycle, carbon cycle, human activity, Earth system
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Figure 1. The procedure of research.
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Figure 2. The example of concept sketch (Johnson & Reynolds, 2005)
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Figure 3. Illustration of item for water cycle
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Table 2. Students’ level of system thinking
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Figure 4. Examples of students’ drawing response according to system thinking level of water cycle
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Level 1
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Figure 5. Examples of students’ drawing response according to system thinking level of carbon cycle
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Figure 6. Word cloud for water cycle
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Table 3. Word frequency of water cycle
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Figure 7. Word cloud for carbon cycle
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Table 4. Word frequency of carbon cycle
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Human Decisions & Actions Impact

S Distribution & Quality of Fresh Water

Human Social and

Enwronmental Systems

Economic Systems

Surface Water System

Atmospheric System

y y

. . i
Humans perceive, quantify and value
ecosystem services, and take
individual and collective actions \

(e.g. reservoirs, water
treatment facilities)

(e.g. airplane contrails)

</

Citizenship Practices:
-Inquiry

Soil/Groundwater
System

Biotic System

- Accounts [Explaining & Predicting)
- Decisions

\

(e.g. wells, sewer pipes)

(e.g. crops, livestock)

v AN v

/E

cosystem Services Valued by People

(Fresh water of sufficient quantity, quality and distribution
for supporting human and natural system functions)

Figure 9. Model for water cycle in socio-ecological systems (From Gunckel et a/, 2012b)
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Human Impact Waste from human energy use (CO2)

<L

CO2 emissions

Human Social and
Economic Systems

ENVIRONMENTAL SYSTEMS

Human Actions in
Roles such as;

Atmospheres (Physical Systems)
(composition of air, atmosphere COz)

Generation of

Consumers organic carbon,
Voters & Harnessing | ] j Er_rer _;,"_J"
Workers Of energy ' - (ré:';ﬁfi;:"
Learners {photosynthesis) I combustion)

combustion & Passing on of energy

(biosynthesis growth, digestion, food
> Chains, sequestration)
Food & Fuels Biospheres (Physical Systems)

Oxidation of
organic carbon

{F

the sources for energy use

Environmental system services. Foods and fuels as

Figure 11. Loop diagram for carbon cycle in socio-ecological systems
(From Mohan et al., 2009)
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