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Abstract

The most famous equation in physics, E=mc?, is rarely introduced in middle school
physics curricula. Recent research has shown that teaching Einsteinian concepts at
the middle school level is feasible and beneficial. This paper analyses an Einstein-

Abstract
The connections between light, matter, and energy are central to Einsteinian
physics education in the age of renewable energy and modern technologies.

ian energy teaching module for Year 8 Stud(?nts (13-14 yea.rs old), ngCh SICON= Using activities, models, and analogies for presenting modern physics in the
passes the two fundamental energy formulas in modern physics, E=mc” and E=hf. classroom is effective in helping students understand challenging topics. This
In the context of activity-based learning, the Einsteinian energy module relates to paper describes three classroom activities designed to explore the physics

behind a beautiful experiment that measured an atom’s mass increase when it
absorbs a single photon and its mass reduction when a photon is emitted. The
experiment demonstrates the direct link between E = mc? and E = hf.

all the forms of energy in traditional school curricula. This study uses a design-
based research approach within the Model of Educational Reconstruction frame-
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The model of educational reconstruction for the
development of an 8 lesson Einsteinian Energy module

MER contains three components of educational
research to guide the development of learning = — L
esign of learning environment : learning

resources. about gravity, geometry and modern
astronomy with Einsteinian gravity

Selecting key Einsteinian-Energy concepts for a
progression of learning

Designing teaching-learning sequences that

demonstrate the relevance and applicability of Clarification and Investigation
th t analysis of into student's
S COIlCCp S science content perspectives

Investigation into Students’ conceptions and
teachers’ views on teaching this subject matter.
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Design principles

. Link key mathematical concepts of EE:

E=hf — electromagnetic spectrum, photon emission.
E=mc? - Gravitational waves, mass loss of the sun, an
atom, chemical reactions.

. Link key concepts of EE to real-world scenarios
using analogies and activities: Lasers - interference,
absorption, and emission, Phasor wheels - frequency,
wavelength and speed, Magnets - binding energy,
trapping and electricity. Flexible rulers — inertia,
mass, oscillations.

. Focus on the mathematical complexity of
equations: Powers of ten & fermi approximations -
energy, frequency, Planck’s constant, the speed of
light, mass, distance, time, and quantity.

. Focus on the history and the nature of scientific
knowledge: Drama-role plays, videos & presentations
of scientific events.

Results and conclusion

* The results showed a 31% mean increase in student
understanding based on the pre/post-test.

* The results support the notion that middle school
students can acquire a qualitative and quantitative
understanding of photons and the energy mass
equivalence.

Einsteinian Energy Year 8 physics program (N=22)
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