
ASSESSMENT SYSTEM OVERVIEW
Each OpenSciEd unit includes an assessment system that offers many opportunities for different types of assessments throughout the lessons, including pre-assessment, formative
assessment, summative assessment, and student self assessment. Formative assessments are embedded and called out directly in the lesson plans. Please look for the “Assessment
Icon” in the teacher support boxes to identify places for assessments. In addition, the table below outlines where each type of assessment can be found in the unit.

Overall Unit Assessment

When Assessment and Scoring
Guidance Purpose of Assessment

Lesson 1 Initial models in
science notebooks

Progress Tracker
update

Initial design solutions
in science notebooks

Design Questions
Board

Pre-Assessment
The student work in Lesson 1 available for assessment should be considered a pre-assessment. It is an opportunity to learn
more about the ideas that your students bring to this unit. Revealing these ideas early on can help you be more strategic in
how to build from and leverage student ideas across the unit.

The initial model developed on day 1 about the question—“How does a flameless heater heat up food just by adding room-
temperature water?”—is a good opportunity to pre-assess student understanding of chemical reactions and transfer of
thermal energy at the particle level. On day 2 students develop an initial design solution and compare it with classmates,
which is a good time to pre-assess student understanding of engineering design. Also, on day 2 students work together as a
class to make entries in their Progress Trackers to explain in their own words how they have defined the problems with
prepackaged MREs, proposed a design solution, and listed initial criteria and constraints.

The Design Questions Board is another opportunity for pre-assessment. Reinforce for students to generate open-ended
questions, such as how and why questions, and to post to the board. Make note of any close-ended questions and use
navigation time throughout the unit to have your students practice turning these questions into open-ended questions as
they relate to the investigations underway. Students’ questions for the DQB should be connected to the observations that
they had previously made and be directed at seeking additional information about how they could design a device that will
heat food without electricity or flame (possibly using a chemical process).

Lesson 6 Team designs with
1. Design Model Must-
Haves and 2.
Engineering Design
Rubric

Teamwork Self-
Assessment

Formative and Student Self-Assessment
Teams of students will submit their design solutions. Their designs should include all of the characteristics listed on Design
Model Must-Haves. Then teams self-assess for how well they did as a team using Engineering Design Rubric. Teachers should
also use this rubric to give feedback to teams. This should be considered formative assessment as this point in the unit.
They will have opportunities to improve their engineering design work as the unit progresses.

Using Teamwork Self-Assessment, students will individually self-assess their teamwork. This assessment is intended as a
space for student reflection, but if you are interested in responding to their thoughts, you might ask students to leave their
notebooks open to this page after class today so that you can see it.

Lesson 7 Peer Feedback on
Designs

Peer Feedback
After exchanging designs, students will individually give written feedback to their partner team using the guiding questions
in Peer Feedback on Designs.
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When Assessment and Scoring
Guidance Purpose of Assessment

Lesson 9 Team designs with
1. Design Model Must-
Haves and 2.
Engineering Design
Rubric

Engineering Design
Rubric

Summative and Student Self-Assessment
Similar to Lesson 6, teams of students will submit their revised design solutions. Their designs should include all of the
characteristics listed on Design Model Must-Haves. Then teams self-assess their group work using Teamwork Self-Assessment.
Teachers should also use this rubric to assess the revised designs. This can be considered a summative assessment for their
engineering designs, and teachers should be looking for improvement between the Lesson 6 and Lesson 9 team designs.

Students will again individually self-assess their teamwork using Engineering Design Rubric. This assessment is intended as a
space for student reflection, but if you are interested in looking at student growth, you might ask students to turn this in to
compare their responses between Lesson 6 and Lesson 9.

Lesson 10 Sea Turtle Assessment
Key for Sea Turtle
Assessment

Summative Assessment
This is the last lesson in this unit. Students will have an opportunity to demonstrate understanding on a summative
assessment transfer task about sea turtle incubators.

After each lesson Lesson Performance
Expectation
Assessment Guidance

Formative Assessment
Use this document to see which parts of lessons or student activity sheets can be used as embedded formative
assessments.

Occurs in several
lessons

Progress Tracker Formative and Student Self-Assessment
The Progress Tracker is a thinking tool that was designed to help students keep track of important discoveries that the class
makes while investigating phenomena and to figure out how to prioritize and use those discoveries to develop a model to
explain phenomena. It is important that what the students write in the Progress Tracker reflects their own thinking at that
particular moment in time. In this way, the Progress Tracker can be used to formatively assess individual student progress or
for students to assess their own understanding throughout the unit. Because the Progress Tracker is meant to be a thinking
tool for kids, we strongly suggest it is not collected for a summative “grade” other than for completion.

Anytime after a
discussion

Student Self-
Assessment
Discussion Rubric

Student Self-Assessment
The student self-assessment discussion rubric can be used anytime after a discussion to help students reflect on their
participation in the class that day. Choose to use this at least once a week or once every other week. Initially, you might give
students ideas for what they can try to improve for the next time, such as sentence starters for discussions. As students
gain practice and proficiency with discussions, ask for their ideas about how the classroom and small-group discussions can
be more productive.

After Students
Complete Substantial,
Meaningful Work

Peer Feedback
Facilitation: A Guide

Peer Feedback
There will be times in your classroom when facilitating students to give each other feedback will be very valuable for their
three-dimensional learning and for learning to give and receive feedback from others. We suggest that peer review happen
at least two times per unit. This document is designed to give you options for how to support this in your classroom. It also
includes student-facing materials to support giving and receiving feedback along with self-assessment rubrics through
which students can reflect on their experience with the process.

Peer feedback is most useful when there are complex and diverse ideas visible in student work and not all work is the same.
Student models or explanations are good times to use a peer feedback protocol. They do not need to be final pieces of
student work; rather, peer feedback will be more valuable to students if they have time to revise after receiving peer
feedback. It should be a formative, not summative, type of assessment. It is also necessary for students to have experience
with past investigations, observations, and activities, which they can then use as evidence for their feedback.

For more information about the OpenSciEd approach to assessment and general program rubrics, visit the OpenSciEd Teacher Handbook.
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Lesson-by-Lesson Assessment Opportunities
Every OpenSciEd lesson includes one or more lesson-level performance expectations (LLPEs). The structure of every LLPE is designed to be a three-dimensional learning, combining
elements of science and engineering practices, disciplinary core ideas and cross cutting concepts. The font used in the LLPE indicates the source/alignment of each piece of the text
used in the statement as it relates to the NGSS dimensions: alignment to Science and Engineering Practice(s), alignment to Cross-Cutting Concept(s), and alignment to the
Disciplinary Core Ideas.

The table below summarizes opportunities in each lesson for assessing every lesson-level performance expectation (LLPE). Examples of these opportunities include student
handouts, home learning assignments, progress trackers, or student discussions. Most LLPEs are recommended as potential formative assessments. Assessing every LLPE listed can
be logistically difficult. Strategically picking which LLPEs to assess and how to provide timely and informative feedback to students on their progress toward meeting these is left to
the teacher's discretion.

Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 1 1.A Ask questions that arise from careful
observation of a flameless heater that is
able to heat food (effect) using a
chemical process (cause).

1.B Define a design problem that can be
solved through the development of a
homemade flameless heater with
multiple criteria and constraints that uses
a chemical process (system 1) to heat up
food (system 2).

1.C Apply scientific ideas to design a
model for a flameless heater that uses a
chemical process to heat food.

1.A Asking Questions and Defining Problems; Cause and Effect
When to check for understanding::

1. Day 1 when students list their wonders
2. Day 3 when students generate and share questions for the Design Questions Board

What to look/listen for:
1. Students’ wonders should be based on their careful observations of the flameless heater used in class and as

seen in the video and should show that they are curious about or want to predict the cause of the food being
heated.

2. Students’ questions for the DQB should be connected to the observations that they had previously made
and be directed at seeking additional information about how they could design a device that will heat food
without electricity or flame (possibly using a chemical process).

1.B Asking Questions and Defining Problems; Systems and System Models
When to check for understanding: Day 2, when students work together as a class to make entries in their Progress
Trackers.
What to look/listen for: Take note of which students are able to contribute to the class discussion about what to
record in their Progress Trackers. As students add entries to their Progress Trackers, look to see that they are able to
explain in their own words how they have defined the problems with prepackaged MREs, proposed the solution of a
homemade flameless heater that could help solve those problems, and listed initial criteria and constraints.

1.C Constructing Explanations and Designing Solutions; Systems and System Models
When to look for it: Day 2, when students create their initial designs for a homemade flameless heater and/or when
they share them in small groups.
What to look/listen for: Since this is the first lesson in the unit, this is a pre-assessment opportunity to see where
students are in their use of modeling and whether or not they are beginning to incorporate systems thinking and/or
prior knowledge about chemical processes into their models.

Lesson 2 2.A Conduct an investigation to serve as
the basis for evidence (patterns) that
explains which substances in the
flameless heater cause food to heat up in
a prepackaged MRE.

2.A Planning and Carrying Out Investigations; Patterns
When to check for understanding:

During the Building Understandings Discussion
Progress Tracker update

What to look/listen for: Listen for these ideas:
The data that the class generated showed patterns that magnesium and water are the critical ingredients for
making the MRE flameless heater heat up (but it must also need those other ingredients, too, to get as hot
as it did to heat the food).
The flameless heater uses a chemical reaction (hydrogen gas was produced, but that was not one of the
original ingredients).
Chemical reactions can cause an increase in temperature.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 3 3.A Collect data to serve as the basis for
evidence (patterns) for choosing a
chemical process that releases energy to
the food for our homemade flameless
heater.

3.B Develop and use the LOL energy
model to determine that adding more
reactants in an exothermic chemical
process releases more energy from the
system.

3.A Plan and Carry Out an Investigation; Patterns
When to check for understanding:

1. on day 1 as students are collecting data and completing the class data chart, and
2. responding to the question, “What happened to the temperature when we added more reactants?” on Class

Data for Chemical Combinations Lab and as the class discusses the patterns in their data.
What to look for/listen for:

1. Students work effectively as a team to measure and record temperature data vs. time by staying focused on
their roles. Students calculate the maximum temperature changes for each amount of substances.

2. Students propose moving forward with the root killer and aluminum foil in saltwater as the best candidate
for trying in their homemade flameless heater because it causes the greatest temperature increase.

3.B Developing and Using Models; Energy and Matter
When to check for understanding: on day 2 during the student-pair created LOL energy models.
What to look/listen for:

Energy is transferred from the root killer and aluminum in the saltwater system to other systems, including
to the thermometer system and the air around the cup.
When more substances (root killer and aluminum foil) were used, we measured a larger increase in
temperature as the substance molecules were breaking apart and rearranging.
Because more substance molecules broke apart and rearranged, more energy transferred out of the system.

Lesson 4 4.A Analyze data by identifying patterns
to define an optimal operational range
for our homemade flameless heater
designs that best meets criteria for
success because the more precisely a
design task’s criteria and constraints can
be defined, the more likely it is that the
designed solution will be successful.

4.A Analyzing and Interpreting Data; Patterns
When to check for understanding: Circulate to look for individual students annotating their reading, listen as small
groups are sharing information from those readings and also as the whole class comes to consensus on an optimal
target temperature range.
What to look/listen for: Students recognizing patterns in data about the temperature at which food tastes best and
combining this information with safety considerations about food temperature to define the optimal target
temperature range.

Lesson 5 5.A Analyze data to determine patterns
in the relationship between the total
amount of food we can heat and the
amount of energy that is transferred to
it.

5.B Evaluate and use accurate methods
of data collection to gather and then
analyze data to define an optimal
proportion of reactants that result in the
greatest temperature change.

5.A Analyzing and Interpreting Data; Patterns
When to check for understanding: on day 1, when students are working with partners to say “What I see” and “What it
means” about the data.
What to look for/listen for: Students should point out patterns between the amount of food being heated and the
temperature it reached (sample student responses are shown in the teacher guide).

5.B Planning and Conducting Investigations, Analyzing and Interpreting Data; Scale, Proportion, and Quantity
When to check for understanding:

1. Day 1 on Analyzing Our Data Collection Methods and
2. Day 2 during the Building Understanding Discussion.

What to look for/listen for:
1. Refer to Key for Analyzing Our Data Collection Methods.

2. Students should identify the combination of .5 g of aluminum and 5.5 g of copper sulfate as the most
optimal, since there was little excess aluminum or excess copper sulfate. This optimal combination of
reactants is 8% Al and 92% CuSO  when using 60 g of saltwater. Students should suggest using a similar
proportion of Al to CuSO  in our design solutions.

4
4
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 6 6.A Undertake a design project to
construct and test a solution that meets
specific design criteria and constraints,
including the transfer of energy.

6.B Collect data about the patterns of
performance of a proposed design by
testing a physical model.

6.A Constructing Explanations and Designing Solutions; Energy and Matter
When to check for understanding:

1. Day 1-2 when students submit their designs on paper
2. Day 3 with Engineering Design Rubric

What to look for/listen for:
1. Teams’ models should include all the characteristics listed on Design Model Must-Haves.

2. Teams’ self-assessment and your own teacher rating of their work using Engineering Design Rubric should be
considered formative at this point in the unit—they will have opportunities to engage in other engineering
design work as the unit progresses.

6.B Planning and Carrying Out Investigations; Patterns
When to check for understanding:

1. Day 3 as students are testing their prototypes
2. Day 3 in Progress Tracker entries

What to look for/listen for:
1. Students should be carefully recording data in their notebooks and on their Design Testing Matrix so that they

can find patterns about what specific design components caused the temperature of their “food” to rise
enough (or not).

2. Students should identify the different benefits for engineers of different types of models, specifically
comparing a drawn model to a physical prototype.

Lesson 7 7.A Respectfully provide and receive
critiques about design solutions to
evaluate competing designs with respect
to how they meet criteria and constraints
and consider patterns across multiple
designs to determine which design
characteristics caused more effective
outcomes in performance.

7.A Engaging in Argument from Evidence; Patterns
When to check for understanding: as we share our designs with partner teams for peer feedback and identify
promising design characteristics in the Engineers Circle discussion.
What to look/listen for:

We support the performance of our design characteristics with evidence from investigations.
We evaluate and critique the performance of design characteristics with respect to criteria and constraints.

Lesson 8 8.A Systematically evaluate competing
design solutions based on jointly
developed and agreed-upon design
criteria, using a Cascading Consequences
Chart to show how small changes in one
design characteristic might cause
unexpected changes in other design
characteristics, to help decide what to
modify for the optimal homemade
heater design.

8.A Engaging in Argument from Evidence; Stability and Change
When to check for understanding:

1. When students are connecting causes and effects of design changes while working in groups to build their
Consequences Chart.

2. Teams come to consensus about the changes they will make to their homemade heater designs, and then
students respond individually to a prompt identifying their design changes and justifying the changes by
relating to how the design performs with regard to criteria and constraints, the different effects on
stakeholders, and an explanation showing how a variety of stakeholder impacts were considered and
weighed.

What to look/listen for:
1. As students are constructing the charts, listen for teams using cause-and-effect relationships to predict

outcomes that are not directly on their Design Matrix. Look for “arms” to branch (a cause having more than
one effect) and to have a series of boxes more than just one step removed from the cause (cascading
consequences).

2. Students' justifications should include mention of how design features perform with respect to the criteria
and constraints we defined, an explanation of the stakeholders who were affected by the changes, and a
discussion of how the impacts to stakeholders weighed into their final decision.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 9 9.A Communicate technical information
in writing about how to transfer energy
through a system that was designed to
perform better than any of its
predecessors by using parts of different
solutions.

9.B Optimize performance of a design
that transfers energy through a system
by prioritizing criteria, making trade-offs,
testing, revising, and re-testing a design
that incorporates characteristics of
designs that performed the best in each
test.

9.A Obtaining, Evaluating, and Communicating Information; Energy and Matter
When to check for understanding:

Day 1 when students submit their how-to instructions with Design Model Must-Haves
What to look for/listen for:

Teams’ how-to instructions should be clear and easy to follow and should include but are not limited to the
following items listed on Design Model Must-Haves:

amounts of reactants
types of materials to be used
how to vent the gases
how to measure the temperature

9.B Constructing Explanations and Designing Solutions; Energy and Matter
When to check for understanding:

1. Day 1 when students submit their designs on paper with Design Model Must-Haves
2. Day 3 with Engineering Design Rubric

What to look for/listen for:
1. Teams’ models should include all of the characteristics listed on Design Model Must-Haves.

2. Teams’ self-assessment and your own teacher rating of their work using Engineering Design Rubric.

Lesson 10 10.A. Make a written argument that
supports or refutes the advertised
performance of a sea turtle incubator
based on evidence from patterns in data
concerning whether or not the incubator
meets relevant criteria and constraints,
such as transferring the right amount of
energy to the sea turtle eggs, and
combines different parts of solutions to
create an optimal solution.

10.A Engaging in Argument from Evidence; Patterns
When to check for understanding: during the summative assessment on Sea Turtle Assessment.
What to look for/listen for: See detailed responses in Key for Sea Turtle Assessment.
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