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Physics:	Heat	
The	Putt	Putt	Boat	

The	following	learning	activities	were	backwards	planned	to	facilitate	the	development	of	students’	
knowledge	and	skills	for	mastery	of	these	NGSS	Performance	Expectations.		Not	all	of	the	dimensions	and	
CCSS	are	covered	in	the	following	activities	and	teachers	are	encouraged	to	address	them	where	possible.	
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Create a computational model to calculate the change in the energy of one component in a system when 
the change in energy of the other component(s) and energy flows in and out of the system are known. 
[Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the 
model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to 
systems of two or three components; and to thermal energy, kinetic energy, and/or the energies in 
gravitational, magnetic, or electric fields.] 
Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a 
combination of energy associated with the motions of particles (objects) and energy associated with the 
relative positions of particles (objects). [Clarification Statement: Examples of phenomena at the 
macroscopic scale could include the conversion of kinetic energy to thermal energy, the energy stored due to 
position of an object above the earth, and the energy stored between two electrically-charged plates. Examples 
of models could include diagrams, drawings, descriptions, and computer simulations.]	
Design, build, and refine a device that works within given constraints to convert one form of energy into 
another form of energy.* [Clarification Statement: Emphasis is on both qualitative and quantitative 
evaluations of devices. Examples of devices could include Rube Goldberg devices, wind turbines, solar cells, 
solar ovens, and generators. Examples of constraints could include use of renewable energy forms and 
efficiency.] [Assessment Boundary: Assessment for quantitative evaluations is limited to total output for a 
given input. Assessment is limited to devices constructed with materials provided to students.]	
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). [Clarification 
Statement: Emphasis is on analyzing data from student investigations and using mathematical thinking to 
describe the energy changes both quantitatively and conceptually. Examples of investigations could include 
mixing liquids at different initial temperatures or adding objects at different temperatures to water.] 
[Assessment Boundary: Assessment is limited to investigations based on materials and tools provided to 
students.] 
	

	

The	performance	expectation	above	was	developed	using	the	following	elements	from	the	NRC	document	A	Framework	for	K-12	
Science	Education:	

Developing and Using Models  

Modeling in 9–12 builds on K–8 and 
progresses to using, synthesizing, and 
developing models to predict and show 
relationships among variables between 
systems and their components in the 
natural and designed worlds. 

• Develop and use a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. (HS-

PS2.A: Forces and Motion 
• If	a	system	interacts	with	objects	

outside	itself,	the	total	momentum	of	
the	system	can	change;	however,	any	
such	change	is	balanced	by	changes	in	
the	momentum	of	objects	outside	the	
system.	

ETS1.A: Defining and Delimiting an 
Engineering Problem 
• Criteria	and	constraints	also	include	

satisfying	any	requirements	set	by	
society,	such	as	taking	issues	of	risk	
mitigation	into	account,	and	they	
should	be	quantified	to	the	extent	
possible	and	stated	in	such	a	way	that	
one	can	tell	if	a	given	design	meets	

 Energy and Matter 
• 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. (HS-PS3-3) 

• Energy cannot be created or 
destroyed—only moves 
between one place and 
another place, between 
objects and/or fields, or 
between systems. (HS-PS3-
2).	



PS3-2),(HS-PS3-5) 

Planning and Carrying Out 
Investigations  

Planning and carrying out investigations 
to answer questions or test solutions to 
problems in 9–12 builds on K–8 
experiences and progresses to include 
investigations that provide evidence for 
and test conceptual, mathematical, 
physical, and empirical models. 

• Plan and conduct an 
investigation individually and 
collaboratively to produce 
data to serve as the basis for 
evidence, and in the design: 
decide on types, how much, 
and accuracy of data needed 
to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. (HS-PS3-
4) 

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. Simple 
computational simulations are created 
and used based on mathematical models 
of basic assumptions. 

• Create a computational model 
or simulation of a 
phenomenon, designed device, 
process, or system. (HS-PS3-
1) 

Constructing Explanations and 
Designing Solutions  

Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and independent 

them.(secondary)	
ETS1.C: Optimizing the Design 
Solution 
• Criteria	may	need	to	be	broken	down	

into	simpler	ones	that	can	be	
approached	systematically,	and	
decisions	about	the	priority	of	certain	
criteria	over	others	(trade-offs)	may	
be	needed.	(secondary)	



student-generated sources of evidence 
consistent with scientific ideas, 
principles, and theories. 

• Design, evaluate, and/or refine 
a solution to a complex real-
world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and 
tradeoff considerations. (HS-
PS3-3)	

Articulation of DCIs across grade-bands:MS.PS2.A ; MS.PS3.C 
Common Core State Standards Connections: ELA/Literacy - 
	
RST.11-
12.1 
RST11-
12.3 
RST.11-12.4	
	
RST.11-12.6	
	
RST.11-12.9	
RST.11-
12.10	
CCRA.W.1	
WHST.11-
12.1	
WHST.11-
12.2	
WHST.11-
12.9	

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. (HS-PS3-4)	
Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing 
technical tasks; analyze the specific results based on explanations in the text. 
Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a 
specific scientific or technical context relevant to grades 11-12 texts and topics. 
Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an experiment in a 
text, identifying important issues that remain unresolved. 
Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding 
of a process, phenomenon, or concept, resolving conflicting information when possible. 
By the end of grade 12, read and comprehend science/technical texts in the grades 11-CCR text complexity band 
independently and proficiently. 
Write arguments focused on discipline-specific content. 
Write arguments to support claims in an analysis of substantive topics or texts using valid reasoning and relevant and 
sufficient evidence. 
Write arguments focused on discipline-specific content. 
Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, 
or technical processes. 
Draw evidence from informational texts to support analysis, reflection, and research. 
		


