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Grades 9–12 

3.2.9-12.V Physical Science: Waves and Electromagnetic Radiation 

Students who demonstrate understanding can evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described 
either by a wave model or a particle model and that for some situations one model is more useful than the other.

Clarifying Statement: Emphasis is on how the experimental evidence supports the claim and how a theory is generally modified in light of new evidence. 
Examples of a phenomenon could include resonance, interference, diffraction, and photoelectric effect.

Assessment Boundary: Assessment does not include using quantum theory. 

Science and Engineering Practices (SEP) Disciplinary Core Ideas (DCI) Crosscutting Concepts (CCC) 
Engaging in Argument From Evidence 
Engaging in argument from evidence in 9–12 builds 
on K–8 experiences and progresses to using 
appropriate and sufficient evidence and scientific 
reasoning to defend and critique claims and 
explanations about natural and designed worlds. 
Arguments may also come from current scientific or 
historical episodes in science. 
• Evaluate the claims, evidence, and reasoning

behind currently accepted explanations or
solutions to determine the merits of arguments.

_________________________________________ 
Connections to Nature of Science 

Science Models, Laws, Mechanisms, and 
Theories Explain Natural Phenomena 
• A scientific theory is a substantiated

explanation of some aspect of the natural
world, based on a body of facts that have been
repeatedly confirmed through observation and
experiment and the science community
validates each theory before it is accepted. If
new evidence is discovered that the theory
does not accommodate, the theory is generally
modified in light of this new evidence.

Wave Properties 
• Waves can add or cancel one another as they

cross, depending on their relative phase (i.e.,
relative position of peaks and troughs of the
waves), but they emerge unaffected by each
other. (Boundary: The discussion at this grade
level is qualitative only; it can be based on the
fact that two different sounds can pass a
location in different directions without getting
mixed up.)

Electromagnetic Radiation 
• Electromagnetic radiation (e.g., radio,

microwaves, light) can be modeled as a wave
of changing electric and magnetic fields or as
particles called photons. The wave model is
useful for explaining many features of
electromagnetic radiation, and the particle
model explains other features.

Systems and System Models 
• Models (e.g., physical, mathematical,

computer models) can be used to simulate
systems and interactions—including energy,
matter, and information flows—within and
between systems at different scales.

Pennsylvania Context: N/A 
PA Career Ready Skills: Situate self in any social context as a means to determine a response. 
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Connections to Other Standards Content and Practices 

Standard Source Possible Connections to Other Standard(s) or Practice(s) 
Agriculture 
(AFNR)

CS.01.02.01.a: Research technologies used in AFNR systems.

Science, Environmental 
Literacy and Sustainability 
(NAAEE)

9-12 Strand 1.G. Drawing conclusions and developing explanations: Learners propose explanations that address their initial
environmental questions using quantitative and qualitative data and evidence that has been collected and analyzed.

PA Core Standards: ELA CC.3.5.9-12.A: Cite specific textual evidence to support analysis of science and technical texts, attending to the precise
details of explanations or descriptions.
CC.3.5.11-12.A: Cite specific textual evidence to support analysis of science and technical texts, attending to important
distinctions the author makes and to any gaps or inconsistencies in the account.
CC.3.5.9-10.H: Assess the extent to which the reasoning and evidence in a text support the author’s claim or a
recommendation for solving a scientific or technical problem.
CC.3.5.11-12.H: Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data
when possible and corroborating or challenging conclusions with other sources of information.

PA Core Standards and 
Practices: Math

MP.2: Reason abstractly and quantitatively. 
CC.2.2.HS.D.2: Write expressions in equivalent forms to solve problems.
CC.2.2.HS.D.7: Create and graph equations or inequalities to describe numbers or relationships.

PA Standards: Social Studies N/A

Educational Technology 
(ISTE)

1.3. Knowledge Constructor: Students critically curate a variety of resources using digital tools to construct knowledge, 
produce creative artifacts and make meaningful learning experiences for themselves and others.

Technology and Engineering 
(ITEEA)

STEL-10: Assess how similarities and differences among scientific, mathematical, engineering, and technological knowledge 
and skills contributed to the design of a product or system.
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