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o7 Q%Pﬁ}giﬁ}(Root—Bernstein & Root-Bernstein, 1999). %3+ AFthA
o HElE HAE oIFHAIS 55 52 st #S5AF AloldA =
g HAEE £l FdEY= Q%fiﬂgiﬂ 1A Aoy dYERY 53
&to] EAERE ofyet AR H7A sk AR Al des 2
A3 th(Hofstadter & Sander, 2013). o]2lo| = &Egjgte] @& o] EE o]
Ab=olv ool WA A ALARFE fFFete] BSAsEATH<E
2-9> Fx).
<E 2-9> =38 ol & W3 FFF A HE AL
ATFA v E ¥} 2}
EREAE A4 et Al, 2=k (1770)
A7) LA =9 ¥dA Fob5(1811)
A7) EEA 7] ZelA ) 2~ 21 (1855)
4729 F7H-A 7 3k F3F 75132 2~ 7] (1907)

g o 2 A} A} E A o] -z} =1 g 0](1924)

oz}l s A u E e~ Ealo F4 ao] Al Wl 2 1(1925)

oFz}eddhA W 1H A g 739 A(1926)
FAHA g nx st Fold T o =(1927)

QA= 0] oo] T oFz} 43 ALE) 3} o] Al ] 2 =1.(1936)
okl @l e 227 € # 2 71](1931)
A AA714 7+€H(1934)

WE 1B &9z} 42} &, = 22(1954)

(%3 : Hofstadter & Sander, 2013)
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Abstract
Energy Problem Resolution

Processes through Analogical
Thinking for Elementary Students:

Based on a Grounded Theory

Seung-Ho Han
Interdisciplinary Program in Environmental Education

The Graduate School

Seoul National University

One of the main goals of energy education today i1s to foster the
ability for students to understand and resolve energy problems such
as air pollution, Climate Change, and radioactive wastes, as incurred
by over-consumption of energy. Few can argue that such energy
education should be initiated from the age of elementary students
when they start developing preconceptions for social phenomena and
lifelong habits. It is however challenging for energy eduction to
develop more effective educational methodologies in that today’s
elementary school curriculum has not sufficiently been leading
students to learn creative and useful skills to resolve complex and
various energy issues.

In this context, this research aims to see whether analogical

thinking can help students to create ideas of environmentally friendly
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energy technologies in response to our energy problems by learning
from life’s energy efficient solutions. In other words, this research
tries to explore educational methods to enable elementary students to
find creative and useful solutions to energy problems by looking into
the processes where they learn skills to find solutions to energy
problems by means of analogical thinking.

To do this, a Grounded Theory Method, one of qualitative research
approaches, was taken and then a new learning process of analogical
thinking to solve energy problems was developed by theorizing a
process of analogical energy problem solving. In doing so, this
research went into details of analogical problem solving processes and
looked into more effective ways for students to find solutions to
energy problems. As a first step, a form for analogical problem
solving was developed to enable students to analogize environmentally
friendly energy technologies from life’ energy solutions on the basis
of structural similarity with each other. Using this form, a three—step
process of analogical problem solving was implemented from
understanding of the base problem and target problem,
similarity-finding to development of ideas of environmentally friendly
energy technologies and then in-depth interviews were conducted
with participating students. In the next step, a new coding was done
with the raw data of the prior research from the perspective of
structural mapping and additional coding was conducted thereby
theorizing a process of analogical energy problem solving, taking into
account each specific phases. Consequently, it can be confirmed that
analogical thinking can be a useful tool to come up with more
specific and creative solutions to energy problems.

The research can also confirm the following ways for students to

find solutions to energy problems more effectively: Firstly, it can be
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found by coding raw data from the prior research that the
understanding of both people and birds’ energy problems had a
significant influence upon subsequent processes of finding solutions to
energy problems. This implies that some prior examples or knowledge
can enhance students’ capabilities to analogically solve energy
problems. Secondly, it was found that students were inclined to find
superficial similarity rather than structural similarity if they had
difficulty understanding the similarity between the base and target
problems. As such, it is suggested that students should be guided to
more precisely catch the similarity between the base and target
problems. Thirdly, students had difficulty determining practicability of
their solutions to energy problems. That is because they focus mainly
on mapping of similar elements in finding solutions rather than taking
into account their practicability. For this reason, teachers are required
to help them to consider the practicability of the solutions thereby
finding more useful solutions. Fourthly, it 1s suggested that repeated
thinking should be required to enhance the logic of the solutions
because students, in many cases, create illogical solutions at the first
time. A dialogue with teachers may improve the logic of the
solutions. Finally, repeated thinking on the similarity between the
base and target problems can enhance the capabilities of students to
find the solutions to energy problems. In doing so, the Understanding
Problems Loop and Similarity Mapping Loop, as defined by this
research, should be followed repeating conversion to and diversion
from the base problem thereby leading to new solutions to energy
problems.

As a result of this research, it can be said that analogical thinking
1s applicable to the elementary school curriculum in helping students

find resolutions to energy problems as follows: First, it is possible
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that biomimicry examples in the elementary science courses are
linked to analogical thinking. This research confirmed grade 6
students can readily understand their basic principles. Thus, the
elementary school curriculum, particularly for grade 5 and 6 students
can deal with biomimicry example and relevant principles together
with the concepts of analogical thinking. Secondly, the practical arts
courses can include activities where students come up with an idea
of creative technologies based on analogical thinking. In practice,
analogical thinking has long been deemed as a useful cognitive tool
for creative discovery. It is therefore possible that analogical thinking
1s used for coming up with new technologies and ideas in the course
of practical arts. Thirdly. the process of analogical problem solving
can be applied to the unit of sustainable development in the
elementary social studies courses. Life has billions of years optimized
itself to the earth environment by using energy most efficiently. It is
therefore deemed effective to find solutions to our unsustainable
society by emulating life’'s energy-efficient ways through analogical
thinking. Finally, this research, as a resulting output, have come up
with the standard teaching guidance for analogical problem solving,
which can be useful for the elementary school curriculum such as

science and practical arts.

Keywords : Energy education, Energy problem, Analogical
problem solving, Grounded Theory Method,
Biomimicry, Environmentally friendly energy
technology
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