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HS.PS-NP     Nuclear Processes 

Students who demonstrate understanding can: 

a. Construct models to explain changes in nuclear energies during the processes of fission, fusion, and radioactive decay 

and the nuclear interactions that determine nuclear stability. [Assessment Boundary: Models to exclude mathematical representations. Radioactive 

decays limited to alpha, beta, and gamma.]  

b. Analyze and interpret data sets to determine the age of samples (rocks, organic material) using the mathematical model 
of radioactive decay. [Assessment Boundary: Mathematical model limited to graphical representations.] 

c. Ask questions and make claims about the relative merits of nuclear processes compared to other types of energy 
production. [Clarification Statement: Students are given data about energy production methods, such as burning coal versus using nuclear reactors.] [Assessment Boundary:  

Students only analyze data provided.  Merits only include economic, safety, and environmental] 
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education: 

 

Science and Engineering Practices 

Asking Questions and Defining Problems 
Asking questions and defining problems in grades 9–12 builds from grades 

K–8 experiences and progresses to formulating, refining, and evaluating 
empirically testable questions and explanatory models and simulations. 

 Ask questions that challenge the premise of an argument, the 
interpretation of a data set, or the suitability of a design. (c) 

Developing and Using Models 

Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and 
constructing models to predict and explain relationships between systems 

and their components in the natural and designed world.  
 Construct, revise, and use models to predict and explain relationships 

between systems and their components. (a) 

Analyzing and Interpreting Data 
Analyzing data in 9–12 builds on K–8 and progresses to introducing more 

detailed statistical analysis, the comparison of data sets for consistency, and 
the use of models to generate and analyze data. 
 Use tools, technologies, and models (e.g., computational, mathematical) 

to generate and analyze data in order to make valid and reliable scientific 
claims or determine an optimal design solution. (b),(c) 

Using Mathematics and Computational Thinking 
Mathematical and computational thinking at the 9–12 level builds on K–8 

and progresses to using algebraic thinking and analysis, a range of linear 
and nonlinear functions including trigonometric functions, exponentials and 
logarithms, and computational tools for statistical analysis to analyze, 

represent, and model data.  Students also use and create simple 
computational simulations based on mathematical models of basic 

assumptions. 
 Use statistical and mathematical techniques and structure data (e.g., 

displays, tables, and graphs) to find regularities, patterns (e.g., fitting 

mathematical curves to data), and relationships in data. (b) 
 

 

Disciplinary Core Ideas 

PS1.C:  Nuclear Processes  
 Nuclear processes, including fusion, fission, 

and radioactive decays of unstable nuclei, 
involve changes in nuclear binding energies. 

(a) The total number of neutrons plus 
protons does not change in any nuclear 
process. (a) 

 Strong and weak nuclear interactions 
determine nuclear stability and processes. 

(a) 
 Spontaneous radioactive decays follow a 

characteristic exponential decay law. 

Nuclear lifetimes allow radiometric dating to 
be used to determine the ages of rocks and 

other materials from the isotope ratios 
present. (b) 

PS3.D:  Energy in Chemical Processes and 

Everyday Life 
 All forms of electricity generation and 

transportation fuels have associated 
economic, social, and environmental costs 

and benefits, both short and long term. (c) 

 

Crosscutting Concepts 

Energy and Matter  
The total amount of energy and matter in closed 

systems is conserved. Changes of energy and 
matter in a system can be described in terms of 

energy and matter flows into, out of, and within 
that system. Energy cannot be created or 
destroyed—only moves between one place and 

another place, between objects and/or fields, or 
between systems. Energy drives the cycling of 

matter within and between systems. In nuclear 
processes, atoms are not conserved, but the total 
number of protons plus neutrons is conserved. (a) 

Stability and Change 
Much of science deals with constructing 

explanations of how things change and how they 
remain stable.  Change and rates of change can 
be quantified and modeled over very short or very 

long periods of time.  Some system changes are 
irreversible.  Feedback (negative or positive) can 

stabilize or destabilize a system.  Systems can be 
designed for greater or lesser stability. (b) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Connections to Engineering, Technology, 

and Applications of Science 
 
Influence of Engineering,  Technology, and 

Science on Society and the Natural World 
Modern civilization depends on major 
technological systems, such as agriculture, health, 

water, energy, transportation, manufacturing, 
construction, and communications. Engineers 

continuously modify these systems to increase 
benefits while decreasing costs and risks. New 
technologies can have deep impacts on society 

and the environment, including some that were 
not anticipated. Analysis of costs and benefits is a 

critical aspect of decisions about technology. (c) 

Connections to other topics in this grade-level:  HS.ESS-SS, HS.ESS-HE, HS.ETS-ETSS 

Articulation across grade-levels:  MS.PS-SPM, MS.LS-NSA 

Common Core State Standards Connections: [Note: these connections will be made more explicit and complete in future draft releases] 
ELA –  
SL.1.c       Propel conversations by posing and responding to questions that relate the current discussion to broader themes or larger ideas; actively incorporate others into the  

  discussion; and clarify, verify, or challenge ideas and conclusions. 

W.1           Write arguments to support claims in an analysis of substantive topics or texts, using valid reasoning and relevant and sufficient evidence. 

W.9           Draw evidence from literary or informational texts to support analysis, reflection, and research. 

Mathematics –  

MP.4         Model with Mathematics 

F.LE           Construct and compare linear, quadratic, and exponential models and solve problems  

A-CED.1    Create equations that describe numbers or relationships 

N-Q            Reason quantitatively and use units to solve problems 

 


