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Energy as a powerful and unifying concept to understand natural world has been regarded as one of
the key concepts of the science curricula in many countries. However, concerning learning and teaching
of energy, various difficulties have been reported widely. This study aimed at analyzing and comparing
science curricula of Korea, the U.S., England, and Singapore regarding energy to identify the potential
issues for energy curriculum in the future. 2015 revised Korean science curriculum, Next Generation
Science Standards of the U.S., Science programmes of study of England, and the Science syllabus of
Singapore were compared based on six basic elements of the concept of energy: energy form, energy
resource, energy transfer, energy transformation, energy conservation, and energy dissipation. Achievement
criteria that include energy were extracted from all curricula and categorized into the six elements. The
frequency and distribution of the six elements in the four curricula were compared in terms of school
levels and disciplinary areas. Contents of six energy elements were also compared. Though all curricula
emphasized energy as a key science concept, we found many differences in the degree of emphasis
of basic ideas and specific contents and approaches. Korean curriculum is characterized by 1) high
frequency concerning energy form among the elements of the concept of energy, 2) introducing energy
forms of unclear meaning, which are not linked with other physical quantities, 3) emphasis on energy
conversion in comparison of energy transfer, 4) focusing on mechanical energy conservation instead of
more general energy conservation, and 5) absence of the concept of ‘system’ concerning energy. Issues
for energy curriculum development were discussed.
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Table 1. Analysis Documents lists and the number of extracted achievement criteria
Extracted
Country Documents achievement criteria
Korea  Ministry of Education (2015). Science curriculum. Korea: Ministry of Education. 45
USA NGSS Lead States (2013). Next generation science standards for states, by states. Washington, D.C.: The National 36
Academies Press.
Department for Education (2013) National curriculum in England.: Science programmes of study - key stages 1 and
2. England: Department for education.
UK Department for Education (2013) National curriculum in England.: Science programmes of study - key stage 3. England: 2%
Department for education.
Department for Education (2014) National curriculum in England.: Science programmes of study - key stage 4. England:
Department for education.
CPDD [Curriculum Planning & Development Division]. (2013). Science syllabus primary 2014. Singapore: CPDD Ministry
of Education.
CPDD [Curriculum Planning & Development Division]. (2012). Science syllabus lower secondary Express course Normal
(Academic) Course. Singapore: CPDD Ministry of Education.
CPDD [Curriculum Planning & Development Division]. (2013). Science syllabus lower and upper secondary Normal
. (technical) course. Singapore: CPDD Ministry of Education.
Singapore 79

Singapore: CPDD Ministry of Education.

CPDD [Curriculum Planning & Development Division]. (2016). Biology syllabus pre-university higher 2 syllabus 9744.

CPDD [Curriculum Planning & Development Division]. (2016). Chemistry syllabus pre-university higher 2 syllabus 9729.

Singapore: CPDD Ministry of Education.

CPDD [Curriculum Planning & Development Division]. (2016). Physics syllabus pre-university higher 2 syllabus 9749.

Singapore: CPDD Ministry of Education.
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AR o|A= =24, 35Ha HakE Avele AT g At

=t ole} BAE HF7IEES olvA] BE LR HRE 22
2 ofqxjel HHE eyt WS off oJAE A& vH] ofe
FycA OﬂLﬁX] 7F A EzstA Ei=l oleh HHE A7 o
HA] 4P 2 ERE i) ofluA] 4HS QIER ] S7P el ool
ol& ovA Mas TR A 7Issto] vehd Aol7|= sirh
oo} Zh2- oJA| 7ig 249 Tt s AF71E] dile
Table 22} Ztch

oo} =2 6714 olUA] 7ld 24 5 ofH ole|tjolE "L Sl
Aol whet o 2] T Ag371EEe] MFekE ik ARl 2410
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Table 2. Elements of energy concept and examples of achievement criteria

Energy concept elements Contents

Examples of achievement criteria

Definition of energy, various forms Korea: [93}19-03] €9] oJu|& a1, Zf Yslel= B4 504 FEo] g 43 ¢

of energy such as kinetic energy,
potential energy, etc.

Energy Form

oix|et &5 U R @3 4= 9k

Singapore: [Lower secondary] Describe electricity as a useful form of energy in our life

Production and wuse of energy USA: [4-ESS3-1] Obtain and combine information to describe that energy and fuels are

resources (food, fossil fuels, and
renewable resources)

Energy Resources

derived from natural resources and their uses affect the environment.
UK: [Key stage 3] Comparing energy values of different foods (from labels) (kJ)

Energy can be transferred and stored

Energy Transfer
&y from one system to another system.

USA: [4-PS3-2] Make observations to provide evidence that energy can be transferred from
place to place by sound, light, heat, and electric currents.
Singapore: [Upper secondary] Show understanding that waves transfer energy

Korea: [9222-03] 7PgollA] 27] oluix)7} theat @ejo] ofuix = Hetelt ol S,

Energy Transform .
&y forms into another

) ez} Aol
Singapore: [Physics] Energy in simple harmonic motion (h) describe the interchange between

Change of energy from one of its olE

A 5 9k

kinetic and potential energy during simple harmonic motion.

Korea: [122] 101-10] 2241 253+ T4 2504 ot ol A7l REge H9e

The total energy of an isolated

Energy Conservation .
system remains constant

/\ olr,}-.
UK: [Key stage3] Changes in systems - energy as a quantity that can be quantified and

calculated; the total energy has the same value before and after a change

Korea: [12§:3106-03] oJuix] 2% 3139] 8 PalolA] G77|8e Brbsstot A%
Paprom =29 5 gk

Energy Dissipation doing work

Energy becomes less available for USA: [HS-PS3-4] Plan and conduct an investigation to provide evidence that the transfer
of thermal energy when two components of different temperature are combined within

a closed system results in a more uniform energy distribution among the components
in the system (second law of thermodynamics).
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Table 3. Distribution of energy achievement criteria according
to school level

Grade level Korea USA UK Singapore

Elementary school level
(Key stage 1&2, Primary)

Middle school level o o o o
(Key stage 3, Lower & Upper secondary) 17.8% 38.9% 57.7%  31.6%

High school level
(Key stage 4, Pre University)

6.7% 16.7% 0.0%  10.1%

75.6% 44.4% 423%  582%
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Table 4. Distribution of energy achievement criteria according
to discipline area

Discipline area Korea USA UK Singapore
Physics 28.9% 47.2% 76.9% 34.2%
Chemistry 11.1% 13.9% 15.4% 20.3%
Biology 11.1% 22.2% 7.7% 3.8%
Earth Science 11.1% 16.7% 0.0% 0.0%
Integrated (theme based)  37.8% 0.0% 0.0% 41.8%
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Ap s 47 w2 odelolA o] Tl 4a71EY 47}
P S AE o 4 UTHEE 28.9%, vl 47.2%, B 76.9%,
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Table 5. Distribution of energy achievement criteria according
to energy concept element

Energy concept elements  Korea USA UK Singapore
Energy Form 40.0% 22.2% 11.5% 55.7%
Energy Resources 13.3% 8.3% 19.2% 10.1%
Energy Transfer 24.4% 63.9% 61.5% 27.8%
Energy Transform 26.7% 11.1% 0.0% 6.3%
Energy Conservation 8.9% 5.6% 7.7% 6.3%
Energy Dissipation 4.4% 2.8% 3.8% 0.0%
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Table 6. Distribution of ‘energy’ concept elements according to school level

Korea USA UK Singapore
Energy concept
Al Elementary Middle  High Elementary Middle High Elementary Middle High Elementary Middle  High
school school  school school school  school school school  school school school  school

Energy Form 1 1 16 1 4 3 2 1 2 7 35
Energy Resources 6 1 1 1 3 2 1 6 1
Energy Transfer 1 4 6 3 10 10 9 7 5 9 8
Energy Transform 1 3 8 1 3 2 3
Energy Conservation 1 3 2 1 1 2 3
Energy Dissipation 2 1 1
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Table 7. Distribution of ‘energy’ concept elements according to discipline area

Energy concept Korea USA UK Singapore

elements P C B E I P C B I P C B E 1 P C B E I
Energy Form 6 3 1 2 6 7 1 1 19 15 1 8
Energy Resources 1 5 1 4 1 1 7
Energy Transfer 1 2 4 1 3 8 4 7 12 3 1 5 3 14
Energy Transform 4 1 7 3 1 2 1 2
Energy Conservation 3 1 1 1 2 3 2
Energy Dissipation 2 1 1

P: Physics, C: Chemistry, B: Biology, E: Earth Science, I: Integrated science (Theme based science)
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Table 8. Content comparison of achievement criteria on energy form
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Table 11. Content comparison of achievement criteria on energy transformation
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Table 12. Content comparison of achievement criteria on energy conservation
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