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Stage 1: Desired Results

How do substances combine or change (react) to make new substances?
How can a device be designed, constructed, tested, and modified that either
releases or absorbs thermal energy by chemical processes?

Unit Overview/Rationale
Students provide molecular-level accounts of states of matters and changes between states, of how
chemical reactions involve regrouping of atoms to form new substances, and of how atoms rearrange
during chemical reactions. Students also apply their understanding of optimization design and
process in engineering to chemical reaction systems. The crosscutting concept of energy and matter
provides a framework for understanding the disciplinary core ideas. Students are expected to
demonstrate proficiency in developing and using models, analyzing and interpreting data, designing
solutions, and obtaining, evaluating, and communicating information. Students are also expected to
use these science and engineering practices to demonstrate understanding of the disciplinary core
ideas.

Standards & Indicators
Student Learning Objectives

Develop and use a model to describe how the total number of atoms does not change in a chemical
reaction and thus mass is conserved. [Clarification Statement: Emphasis is on law of conservation of
matter and on physical models or drawings, including digital forms, that represent atoms.]
[Assessment Boundary: Assessment does not include the use of atomic masses, balancing symbolic
equations, or intermolecular forces.] (MS-PS1-5)

Undertake a design project to construct, test, and modify a device that either releases or absorbs
thermal energy by chemical processes.* [Clarification Statement: Emphasis is on the design,
controlling the transfer of energy to the environment, and modification of a device using factors such
as type and concentration of a substance. Examples of designs could involve chemical reactions such
as dissolving ammonium chloride or calcium chloride.] [Assessment Boundary: Assessment is
limited to the criteria of amount, time, and temperature of substance in testing the device.] (MSPS1-6)

Analyze data from tests to determine similarities and differences among several design solutions to
identify the best characteristics of each that can be combined into a new solution to better meet the
criteria for success. (MS-ETS1-3)

MS-PS1-5

Develop and use a model to describe how the total number of atoms does not change in a
chemical reaction and thus mass is conserved.

MS-PS1-6

Undertake a design project to construct, test, and modify a device that either releases or
absorbs thermal energy by chemical processes.

MS-ETS1-3

Analyze data from tests to determine similarities and differences among several design
solutions to identify the best characteristics of each that can be combined into a new
solution to better meet the criteria for success.

Big Ideas - Students will understand that...
Students begin by gaining understanding that substances react chemically in very characteristic
ways. To develop this understanding, students will follow precisely a multistep procedure when
carrying out experiments that involve chemical reactions that release energy and chemical reactions
that absorb energy. As part of their data analysis, students will integrate quantitative information
about atoms before and after the chemical reaction. The analysis will include translating written
information into information that is expressed in a physical model or drawing or in digital forms.
Reasoning both quantitatively and abstractly to communicate their understanding of these reactions,
students will model the law of conservation of matter.

They will use ratio and rate to demonstrate that the total number of atoms involved in the chemical
reactions does not change and therefore mass is conserved. Within this unit, students will develop a
model of the reactions they observe to describe how the total number of atoms does not change in a
chemical reaction. Examples of models could include physical models, drawings, or digital forms
that represent atoms. Student models ideally should have the ability to be manipulated to represent
the rearrangement of reactants to products as a way to demonstrate that matter is conserved during
chemical processes. Students will show how their model provides evidence that the law of
conservation of matter is a mathematical description of what happens in nature.

In prior units of study, students have learned about the behavior of particles of matter during a
change of state and about characteristic chemical and physical properties of matter. This unit will
leverage that prior learning by having students undertake a design project to construct, test, and
modify a device that either releases or absorbs thermal energy by chemical processes. For example,
students could design a device that releases heat in a way similar to how heat is released when
powdered laundry detergent is mixed with water to form a paste. Students will need to be able to
track energy transfer as heat energy is either released to the environment or absorbed from the
environment. Students could also design a device that absorbs and stores heat from the
environment.

The design problem has already been identified; therefore, the emphasis is on designing the device,
controlling the transfer of energy to the environment, and modifying the device according to factors
such as type and concentration of substance. The criteria for a successful design have not been
determined; therefore, teachers will need to work with students to determine criteria for a successful
design. Before attempting to determine criteria, students will conduct a short research project to
familiarize themselves with scientific information they can use when designing the device. Students
must draw on several sources and generate additional focused questions that allow for further
avenues of exploration.

After completing their research, students will compare and contrast the information gained from
experiments, simulations, videos, or multimedia sources with that gained from their reading about
the design of the device. Students, with the support of the teacher, will then write design criteria.

Students are now at a point where they can begin the design process. Prior to construction, students
should develop a probability model and use it as part of the process for testing their device. They will
use the probability model to determine which designs have the greatest probability of success.

It is important that students use mathematics appropriately when analyzing their test results. They
must apply properties of operations to calculate numerical data with numbers in any form, convert
between forms as appropriate, and assess the reasonableness of answers using mental computations
and estimation strategies.

Students will collect and analyze these numerical data to determine similarities and differences
among several design solutions to identify the best characteristics of each that can be combined into

a new solution to better meet the criteria for success.

Essential Questions - What provocative questions will foster inquiry and transfer of
learning

Content - Students will know...
• Some chemical reactions release energy, while others store energy.
• The transfer of thermal energy can be tracked as energy flows through a designed or natural
system.
• Models of all kinds are important for testing solutions.
• There are systematic processes for evaluating solutions with respect to how well they meet the
criteria and constraints of a problem.
• The iterative process of testing the most promising solutions and modifying what is proposed on
the basis of the test results leads to greater refinement and ultimately to an optimal solution.
• A solution needs to be tested and then modified on the basis of the test results in order to for it to
be improved.
• Although one design may not perform the best across all tests, identifying the characteristics of the
design that performed the best in each test can provide useful information for the redesign process.
• Some of the characteristics identified as having the best performance may be incorporated into the
new design.

Skills - Students will be able to ...
Students who understand the concepts are able to:
• Undertake a design project, engaging in the design cycle, to construct, test, and modify a device
that either releases or absorbs thermal energy by chemical processes.

• Specific criteria are limited to amount, time, and temperature of a substance.
• Analyze and interpret data for the amount, time, and temperature of a substance in testing a device
that either releases or absorbs thermal energy by chemical processes to determine similarities and
differences in findings.
• Develop a model to generate data for testing a device that either releases or absorbs thermal energy
by chemical processes, including those representing inputs and outputs of thermal energy.
• Track the transfer of thermal energy as energy flows through a designed system that either releases
or absorbs thermal energy by chemical processes.

Assessment Evidence

Assessment
End of Unit Assessments (mulitple-choice and contstructed responses.)
Mini-Lab Performance-based Assessments
Essential Question Responses
Page Keeley Science Probes (formative assessments)
Stations Labs Tasks

Stage 3: Learning Plan

Learning Activities
Academic Vocabulary Activities: journals, e-flash cards, puzzles, e-games
Mini-Labs (student engagement)

Launch Labs (teacher and/or student led)
Inquiry Labs (use of inquiry skills)
Interactive technology: classroom presentations, science videos, transparencies, interactive
whiteboard activities, online assessments
Language arts strategies: make tables, answer guiding questions, organizing ideas, illustrating ideas,
outlines, infer meaning, compare and contrast, make connections

Accommodations for students with IEPs and learning difficulties:
-visual sentence frames using academic vocabulary for discussion
-graphic organizers and sentence starters for literary analysis writing
-Graphic organizers for comparing and contrasting of characters, plot, and theme in order to create a
written narrative.
-Graphic organizers/worksheets for book club roles that explains in detail about what each role
entails
-Model how to perform specific roles for book clubs
-Use visuals to show important vocabulary for students to make connections
-Have students share their text to text, text to world, and text to self-connections
-One on one teacher support for comprehension and fluency
- Modeling and scaffolding to highlight specific moments, vocabulary, and figurative language, and
using context clues to use inference skills
-Show and discuss exemplar writing pieces before students being their own
-Close reading chapters/chunks
-Re-reading key sections for fluency and comprehension
-Colored overlays and reading windows to reduce visual distractions
-Sentence starters for writing assignments
-Vocabulary word banks and strategies (Say it, Define it, Act it)

-Think aloud and Think-Pair-Share

For ELL students:
-visuals for vocabulary
-Word wall
-Additional word work such as illustrating vocabulary and playing vocabulary games
-Partner reading
-Choral reading
-Think-aloud while modeling writing
-Analyze sample summaries before writing
-Color-coded sticky notes for close reading to identify which sticky notes pertain to vocabulary
-Questions about text, etc.
-When students make an error in speaking, answer or restate what they said using the correct
form without drawing attention to the mistake.

For gifted students:
-Have students complete extended research projects on a related issue of their choice as it pertains
to a content area
-Students perform a written/oral debate on topics related to content

Resources
Glencoe iScience, McGraw Hill, 2012
-Contains an fantastic online component which contains an online textbook, online resources,

virtuals teaching reviews, etc.
Paige Keeley Science Probes
BrainPop shorts
"What's Science Got to Do With It" video segments
WebQuests
Video supplements from internet resources
Kesler's 5E Lessons and Station Labs

Unit Reflections & Teacher Notes

