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We investigate semantics networks of achievement standards for physics subjects in the 2022
revised curriculum to derive information embedded in the curriculum. We extract each subject’s
keywords with node strength and random-walk betweenness, detect communities of physics terms
by the optimized greedy algorithm, and find the connectivity of physics subjects using bipartite
networks. The network analysis reveals three remarkable results: First, keywords are about
scientific thinking and practices, evolving to a higher level as the grades increase. Second, there is
a lack of connection to learning content in physics. Lastly, achievement standards for ‘Integrated
Science’ are inadequate to fulfill the intended purpose of the curriculum. This is attributed to the
reduced learning volume in the 2022 revised curriculum. Our study implies that the curriculum

and achievement standards should be improved for the better connectivity of subjects.
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Fig. 1. (Color online) (a) Clique with five nodes. (b) Bipartite network (left) and weighted one-mode projection of the

network onto the upper node set (right).
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Fig. 2. For the whole word set from all physics subjects, the semi-log plots of (a) degree, (b) edge-weight, and (c)

node-strength distributions.
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Table 1. Top ten words ranked by node strength (upper) and random-walk betweenness (lower) from all subjects to
individual subjects; values are in parentheses.

All Elementary school  Middle school Integrated . Mechanics  Electromagnetism
Rank Physics
subjects science science science and energy and quantum
Explain Use Explain Various Explain Explain Technology
(379) (100) (102) (65) (75) (88) (61)
9 Use Everyday life Everyday life Technology Light Understand Utilize
(309) (73) (71) (52) (40) (85) (53)
Everyday life Inspect Use Earth Utilize Use Light
(247) (65) (69) (52) (39) (62) (44)
4 Various Object Understand Everyday life Principle Example Explain
(234) (64) (61) (43) (37) (52) (42)
Understand Observe Object Utilize Various Various Principle
(222) (64) (61) (42) (35) (49) (38)
Utilize Explain Express Measure Apply Utilize Inspect
(214) (45) (56) (38) (33) (49) (38)
Example Property Feature Nature Example Object Recognize
(185) (43) (49) (37) (30) (29) (37)
Object Method Various Meaning Use Inspect Digital
(171) (39) (46) (35) (30) (26) (33)
Inspect Phenomenon Motion Procedure Energy Heat Probability
(171) (38) (46) (35) (26) (26) (32)
10 Technology Example Matter Composition  Technology Motion Understand
(150) (34) (45) (33) (25) (25) (31)
Rank All Elementary school Middle school Integrated Physics Mechanics Electromagnetism
subjects science science science and energy and quantum
1 Explain Use Explain Various Explain Explain Technology
(0.1571) (0.2174) (0.2036) (0.1786) (0.3552) (0.3191) (0.2025)
9 Use Object Everyday life Apply Apply Understand Explain
(0.1174) (0.1860) (0.1379) (0.1749) (0.1753) (0.3165) (0.1905)
Understand Observe Object Earth Various Use Use
(0.0977) (0.1808) (0.1314) (0.1710) (0.1753) (0.1943) (0.1648)
4 Everyday life Everyday life Use Technology = Demonstrate Various Light
(0.0869) (0.1405) (0.1272) (0.1391) (0.1434) (0.1624) (0.1572)
5 Various Inspect Motion Everyday life Principle Example Utilize
(0.0847) (0.1319) (0.1245) (0.1350) (0.1415) (0.1522) (0.1540)
6 Utilize Explain Understand Procedure Example Utilize Reason
(0.0777) (0.1238) (0.1171) (0.1099) (0.1393) (0.1484) (0.1490)
7 Object Compare Express Meaning Light Heat Principle
(0.0708) (0.1094) (0.1097) (0.1064) (0.1211) (0.0886) (0.1466)
8 Example Property Matter Utilize Utilize Object Probability
(0.0631) (0.0925) (0.0983) (0.0943) (0.1070) (0.0711) (0.1339)
9 Inspect Phenomenon Relationship Nature Transform Motion Recognize
(0.0604) (0.0823) (0.0920) (0.0905) (0.0935) (0.0664) (0.1119)
10 Principle Method Procedure Explain Energy Everyday life Inspect
(0.0561) (0.0807) (0.0830) (0.0854) (0.0906) (0.0604) (0.0956)
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(c)

Dist. of node strength
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Fig. 3. For physics terms only, (a) degree, (b) edge-weight, and (c) node-strength distributions. Here all statistical

values are obtained from the entire subjects.
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Table 2. Top ten physics terms ranked by node strength (upper) and random-walk betweenness (lower) from all subjects
to individual subjects; values are in parentheses.

Rank All Elementary school Middle school Integrated Physics Mechanics Electromagnetism
subjects science science science and energy and quantum
Object Object Object Earth Light Object Light
(80) (25) (31) (19) (14) (14) (20)

9 Light Force Motion Element Energy Motion Probability
(56) (10) (27) (13) (11) (13) (14)
Motion Matter Force Formation Transform Heat Digital
(48) (8) (16) (13) (1) (13) (11)
Matter Gas Matter Early universe Mechanical energy Planet Quantum
(47) (8) (15) (13) (10) (11) (1)

5 Force Light Gravity Transform Act Mechanical energy Intensity
(35) (8) (12) (12) (9) (10) (10)
Energy Battery Transmit Matter Conservation law Act Direction
(35) (8) (11) (9) (8) (9) (10)
Transform  Electric circuit Particle Emission Semiconductor Force Energy
(33) (8) (10) (M (8) ) (10)
Act Connection Model Light Sensor Spaceship Interference
(30) (8) (10) (7) (7) (7) (9)
9 Phase Temperature  Particle model Spectrum Heat Launch Nuclear fusion
(26) (7) (10) (M) (6) (7) (M
10 Heat Lever Direction  Celestial bodies Interaction Conservation law Create
(25) (6) (10) (7 (6) (7) (7
Rank All Elementary school Middle school Integrated Physics Mechanics Electromagnetism
subjects science science science and energy and quantum
1 Light Object Object Earth Mechanical energy Object Light
(0.2980) (0.7883) (0.4567) (0.7137) (0.5630) (0.4517) (0.7113)
9 Object Light Motion Transform Energy Motion Interference
(0.2871) (0.3135) (0.4363) (0.3804) (0.4917) (0.3770) (0.4822)
3 Matter Matter Model Matter Conservation law Planet Energy
(0.1889) (0.2954) (0.3158) (0.1313) (0.4905) (0.3526) (0.3001)
4 Motion Gas Force Formation Act Mechanical energy Probability
(0.1488) (0.2560) (0.3098) (0.1272) (0.3420) (0.3168) (0.2685)
5 Energy Phase Transform Early universe Transform Act Inductor
(0.1466) (0.2368) (0.2864) (0.1272) (0.3385) (0.1081) (0.1700)
6 Phase Temperature Resistance Element Sensor Force Digital
(0.1189) (0.2066) (0.2645) (0.1272) (0.2869) (0.1081) (0.1687)
Transform Water Electric current Energy Heat Kepler’s laws Quantum
(0.1167) (0.1669) (0.2587) (0.0816) (0.1609) (0.0843) (0.1660)
Heat Sound Gravity Hydrogen fusion Kinetic energy Satellite Diffraction
(0.1131) (0.1544) (0.1821) (0.0816) (0.1127) (0.0843) (0.1262)
Interference Weight Transmit Flow Potential energy Gravity Hologram
(0.0924) (0.1254) (0.1646) (0.0816) (0.1127) (0.0843) (0.1262)
Transmit Force Matter Mass Work Newton’s laws Wave-particle
10 of motion duality
(0.0858) (0.1145) (0.1579) (0.0816) (0.1127) (0.0829) (0.0697)
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Table 3. Community detection results for the physics-term networks taken from the entire physics subjects. Here all
terms belong to the largest component of the physics-term networks.

Community Size

Words

1

51

Battery, Speaker, Parallel connection, Transformers, Electric current, Reflect, Resistance, Synthesis, Elec-
tric circuit, Light, Mass, Coal fuel, Resource, Transform, Power consumption, Input device, Conservation
law, Inductor, Flow, Electric motor, Electrical signal, Magnetic flux, Magnetic field lines, Connection,
Elastic waves, Route, Transmission, Perpetual mobile, Energy, Electric energy, Nuclear energy, Proceed,
Generator, Hydrogen fusion, Magnetic action, Refraction, Electromagnetic induction, Capacitor, Model,
Convex lens, Electrical appliance, Magnetic field, Serial connection, Wire, Sun, Sensor, Coil, Bulb, Voltage,
Heat source, Mechanical energy

46

Motion, Friction force, Resultant force, Time, Object, Circular motion, Potential energy, Equipment, Hori-
zontality, Kinetic energy, Location, Elastic force, Net force, Balances, Inertial frame, Share, Free fall, Force,
Planet, Length contraction, Slope, Pole, Speed, Graph, Parabolic motion, Constant acceleration, Doppler
effect, Straight line, Act, Magnet, Satellite, Work, Time dilation, Weight, Size, Velocity, Lever, Newton’s
laws of motion, Kepler’s laws, Gravity, Distance, Torque, Equilibrium, Stability, Direction, Buoyancy

34

Uncertainty principle, Double slit experiment, Interference, Bohr atomic model, Control, Wave nature,
String instrument, Noise, Transmit, Probability, Heat transfer, Space, Quantum cryptography communi-
cation, Quantum computer, Sound, Standing wave, Wave, Wind, Quantum, Diffraction, Frequency, Ampli-
tude, Conduct, Sound wave, Hologram, Wave-particle duality, Superposition, Waveform, Length, Acoustic,
Distribution, Radiation, Convection, Modern atomic model

32

Solar cell, Height, Atomic model, Amplification, Spaceship, Electric potential difference, Polarization,
Momentum, Digital, Interaction, Crash, Laser, Electrostatic induction, Electric field, Charge, Launch,
Photoelectric effect, Intensity, Orbit, Electricity, Electric force, Friction, Equipotential surface, Acceleration
movement, Dielectric polarization, Reaction, Optical communication, Projectile, Impulse, Electric field
lines, Escape speed, Optical sensor

30

Electron microscope, Particle model, Insulation, Specific heat, Internal energy, Duplicity, Solid, Diffusion,
Matter, Phase, Heat energy, Evaporation, Vapor, Entropy, Particle, Water, Volume, Ice, Ideal gas, Pressure,
System, Thermometer, Liquid, Heat, Irreversible phenomenon, Thermal equilibrium state, Temperature,
Gas, Congelation, Thermal expansion

18

Nuclear fusion, Emission, Solar system, Element, Star, Renewable energy, Early universe, Earth, Electron,
Create, Atom, Life, Energy efficiency, Formation, Universe, Energy level, Spectrum, Celestial bodies

13

Energy band, Lens, Insulator, Conductor, Optical equipment, Image, Electronic circuit, Aberration, Diode,
Transistor, Flat mirror, Mirror, Semiconductor
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Fig. 4. (Color online) Physics-term networks for three
different subjects: (a) ‘Physics’ (top), (b) ‘Mechanics
and Energy’ (middle), (¢) ‘Electromagnetism and Quan-
tum’ (bottom). The darker the red color of a node, the
stronger the node strength. The thicker the edge, the
larger the edge weight.
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Fig. 5. (Color online) Community structure of the physics-term network taken from the entire physics subjects. Here
all nodes belong to the largest component of the physics-term network.
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https://github.com/jabamseo/24Phys_curr.
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