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Subject area description
This unit will be taking place in a ninth grade general science class at Nathan Hale High 

School in Seattle, quite close to the beginning of the school year. In fact, this will be the first unit 
the students do that is built around a big scientific idea (density; the first unit is essentially a hook 
built around the study of space travel and a review of graphing). The theme of the class is 
astrobiology, Earth and planetary science, and space travel, and the density unit will fit explicitly into 
this theme insofar as it explores density in the context of Earth and space materials and asks how a 
study of density can teach us about other planets and can inform our ability to travel beyond the 
Earth. The class is a general science class and is followed by biology in tenth grade. The students 
generally have not had Earth science in Eighth grade as is common in most districts.

The students I will be working with constitute a diverse group. Nathan Hale values and 
strives to practice inclusion in its classrooms; therefore, the ninth graders I will be teaching are 
come from a variety of ethnic, socioeconomic, and linguistic backgrounds, and represents student 
populations which in many other schools would be separated into honors, mainstream, ESL, and 
special education classes. This unit will be taught in two 75-minute (average) classes of 24-26 
students each at a time, and this cycle will be repeated twice: I will teach density in September and 
then again in November as Nathan hale ninth graders have a quarter switch. Because the unit comes 
very early in the course of my contact with these students, an important goal is to get them used to 
me as their teacher and the classroom routines they will need to get used to.

Essential questions
What is the role of density in the formation of planets? How can the density of materials on 

Mars inform us about whether it could have supported life? Students need to know how density of 
objects and materials here on Earth relates to our planet's ability to support life. More importantly, 
they need to know that Earth materials can, in some cases, be used as analogs for other planetary 
materials in investigations. 

How can density be measured or quantified? How can we measure the density of objects or 
materials that are somewhere we can’t go (i.e., Mars)? The students will need to know how to 
measure density here on Earth, and that these methods can be applied 

How does the density of Earth materials affect us? What can we conclude about what other 
planets are like given information on those materials’ density and Earth materials as analogs? To 
answer this question, students will need to be able to answer 

For all of these questions, students need to understand that density is a ratio of mass and 
volume, and that when volume is changed mass is conserved. They need to be able to measure the 
mass and volume of different materials and use this information to calculate density. They need to 
be able to communicate these concepts with each other in appropriate ways in order to come to 
common answers to these questions.

Learning goals and objectives
Goal 1 – Density – measurements and definitions: Students will know about and understand 
the phenomenon of density (WA Science EALR 1.1.1). In order to accomplish this goal:

Objective 1: Students will be able to operationalize density as a physical property in the 
service of investigating substances.
Objective 2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.
Objective 3: Students will know that density is a dynamic ratio between the mass and 
volume of an object or material; it can be changed by outside factors but not by individual 
changes in mass.
Objective 4: Students will apply the definitions of mass and volume by making 
measurements of these phenomena.

Goal 2 – Density and Earth and planetary materials: Students will understand the role density 
plays in the materials that make up our planet and others (WA Science EALRs 1.1.4, 1.2.6, and 
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1.2.7). In order to accomplish this goal:
Objective 1: Students will know that density and gravitational force dictate the ordering of 
Earth materials into layers such as the core, mantle, crust, oceans, and atmosphere.
Objective 2: Students will apply this knowledge by predicting how materials will be 
vertically ordered based on their densities.
Objective 3: Students will know that density plays a role in the ordering of materials in the 
cases of other planets, stars, and the solar system.
Objective 4: Students will be able to relate their understanding of density to the fact that 
things are made up of smaller particles.

Goal 3 – Scientific investigations and technology: Students will be able to design scientific 
investigations using appropriate technology and appropriate measures; students will use data and 
logic as investigative tools and will express ideas through written expression (WA Science EALRs 
2.1.2 and 2.1.5). In order to accomplish this goal:

Objective 1: Students will be able to design a remote scientific investigation of density 
within the limitations of technology and environmental factors.
Objective 2: Students will be able to communicate their scientific investigations in writing, 
graphically, or in tabular format, when appropriate.
Objective 3: Students will recognize the need for appropriate data management and 
representation and will reflect this necessity in the context of designing a scientific 
investigation.
Objective 4: Students will be able to identify manipulated, responding, and controlled 
variables in an experiment of their design, and will include these variables in a stated 
hypothesis.
Objective 5: Students will be able to analyze data using logarithmic graphs with 
manipulated and responding variables represented clearly.

Goal 4 – Beliefs about Earth and space science: Students will understand that investigations of 
other planets are driven by human curiosity and relevance of those investigations to our own planet, 
and that those investigations are backed by sound Earth-based scientific principles. In order to 
accomplish this goal:

Objective 1: Students will know that Earth can be used as an analog for other planets in 
many respects, but that this assumption is not applicable in all cases.
Objective 2: Students will know that this assumption is used by professional scientists 
investigating other planets.
Objective 3: Students will be able to evaluate the value of scientific investigations of other 
planets based on their knowledge of Earth materials as an analog.
Objective 4: Students will be apply to their own in-class inquiries the values that motivate 
professional space scientists.
Objective 5: Students will be able to use realistic scientific discourse as a tool toward 
greater understanding.
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Formal: -Individual graphs taped in logbooks
Informal: -Class discussion

-Pair report on graphs

Evidence of 
understanding

This content is a combination hook/link to the previous unit/assessment/direct 
instruction.

It is a hook in a sense that it seeks to situate the study of density within the 
overall context of the class (astrobiology and Earth and planetary science). Students will 
have studied space travel very briefly and the density unit will be the first segment that 
seeks to add real-world relevance by showing that a phenomenon that can be studied on 
other planets can also be studied on Earth.

The link to the previous unit is in the recap of graphing – students will have 
studied different types of graphs the previous week and will apply their log graphing 
skills on this day.

An assessment of their understanding will come from the class discussion, 
individual graphs, and pair reports on graphs.

The direct instruction will come at the end and will include information on why 
the less dense planets are larger and generally toward the outside of the solar system. This 
instruction will not be a discussion of density is – this will be explored within the 
context of this topic later in the week.

These activities are appropriate at the beginning of the unit because they seek to 
tie the unit to other knowledge, make it relevant to other topics, and create wonderment 
about density that will hopefully carry through the whole unit.

Reasons for content 
and instructional 
strategy

Planetary density data
Graph paper (log)
Overhead and overhead pens
Overheads of planets, solar system

3.5: Students will be able to analyze data using logarithmic graphs with manipulated 
and responding variables represented clearly.
2.3: Students will know that density plays a role in the ordering of materials in the cases 
of other planets, stars, and the solar system.

Students will construct graphs with the following two axes: radius of planets, 
planet densities. These data will be provided and the students will have to decide on their 
own what to put on what axes. The class will debrief this activity in order to develop a 
theory of the relationship between density and planetary radius as well as location in the 
solar system.
What students will be doing on this day:
1) Brief recap of graphing on a log scale (from previous unit).
2) Individually graphing planetary radius and density.

-Data that students use is around the room at different stations.
3) Pair work comparing graphs.

-With student sitting at same table (assigned seats).
4) Pair report of graphing findings, class construction of a common graph, and class 
discussion of why this might be.

-The class discussion resembles Eliciting Ideas but is informed 
by background info. from graphs

5) Micro-lecture on formation of the solar system (direct instruction).

Resources

Objectives

Day 1 – 75 minutes

What students are 
doing
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Formal: -Results of density walkabout lab (assessed after class) (density)
-Mass and volume homework (mass and volume)

Informal: -Students’ ideas during eliciting ideas
-Students’ questions during whole-class discussion

Walkabout lab materials (bottles, cartesian diver, bricks, etc.)
Availability of other classrooms for walkabout lab
White boards and markers for student T-charts
Overhead and overhead pens

The first day, density was discussed but not defined. Thus, the second day is a 
good time for a pre-assessment: the students are ready to explore mass, volume, and 
density, but they have not been taught what these are in this class.

Students will be told that mass and volume are essential to measuring density, 
but density will still not be addressed directly. The purpose of this is to prevent 
confusion while constructing an understanding of mass and volume and how they can be 
used. The teaching of mass and volume will start with another pre-assessment specific to 
this topic, which is in the form of Eliciting Ideas. Following this, a mini-lecture will 
take place on mass and volume; this is a fast-turnaround cycle for eliciting ideas and 
direct instruction but is appropriate because this is a small building block but it is 
essential to have mass and volume clearly understood before moving on to density as a 
ratio of these things. Students’ misconceptions will be addressed specifically in a whole-
class discussion. (The prerequisite to this is that students feel comfortable sharing ideas 
and asking clarifying questions.)

1.4: Students will apply the definitions of mass and volume by making measurements 
of these phenomena.

1) Students walk around three classrooms and do a “density walkabout lab.” This lab is in 
the format of a test or quiz but is designed as a pre-assessment. (See attached sheet.)
2) Eliciting ideas, direct instruction, and class discussion of mass and volume

-students discuss ideas of mass and volume in groups with T-charts, contribute 
this information to chart on the board.

-mini-lecture mass and volume (definitions using student vocab and introduction 
of scientific vocab)

-class discussion of mass and volume (addresses misconceptions)
3) The unit essential questions are posed.
4) Mass and Volume homework, and Density Definition homework

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 2 – 75 minutes

What students are 
doing
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Walkabout lab materials (bottles, cartesian diver, bricks, etc.)
Planetary radius/density work
Homework assignments
Overhead and pens
Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Measurement tools (balance, graduated cylinder, etc.)

This day may seem like the students are jumping into an inquiry into density 
without enough background knowledge; however, this is intentional. Because the teacher 
has enough background knowledge in the content area to address concerns, the relative 
lack of background information is intended to let the students learn hands-on about what 
it means for something to be more or less dense. The students will know how to measure 
density and what kinds of predictions they can make given information on the density of 
objects and materials, and they do know a little bit about what density means, but it is 
the main intent of this day to relate the upcoming inquiry to the first two days’ content 
and give the students the tools they need in order to learn about density hands-on from the 
inquiry.

There are several key pieces of background information that will be provided on 
this day that the students absolutely need to begin to conduct this inquiry: first, that 
density can be calculated as a ratio between measurements of mass and volume; second, 
that items arrange themselves vertically with denser items toward the bottom (or center of 
a planet) and less dense items toward the top.
Formal: -Mass and volume homework (from previous day)
Informal: -Whole-class discussion

1.1: Students will be able to operationalize density as a physical property in the service 
of investigating substances.
1.2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.
1.3: Students will know that density is a dynamic ratio between the mass and volume of 
an object or material; it can be changed by outside factors but not by individual changes 
in mass.

During this long day, several activities will be planned for the students. The 
first is instruction on and discussion of what density is, what makes something more or 
less dense, and how we can measure and study density.
1) The first activity is a whole-class discussion of what it means for something to 
be more dense. The students will, in pairs, share their answers for the Density Definition 
homework and develop a common definition of density. After 5 minutes of pair work, the 
pairs will report to the class and a whole-class discussion will seek to arrive upon a 
common definition of density as a ratio between mass and volume (discussed the previous 
day). This discussion will also debrief the density walkabout lab in a way that responds 
to students’ answers on lab items.
2) The whole-class discussion will shift to a questions of how density can be 
investigated in the course of a scientific inquiry. The following question will be posed to 
the class: how can we predict the vertical ordering of materials given an ability to 
measure the density of those materials?
3) With this inquiry question in mind, the students will return to pairs for 5 
minutes and list background knowledge that is needed. The pairs will share this and the 
class discussion will shift to background knowledge. Essentially, this will consist of 
how to measure density and the role density plays in the vertical ordering of objects and 
materials in a system like a planet or a graduated cylinder.
4) The students will be given a brief homework assignment that asks them to 
identify the specific data they will need to collect in order to make the prediction that the 
inquiry question asks them to.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 3 – 90 minutes

What students are 
doing
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Informal: -Check-in points for inquiry preparation. The teacher will be able to 
use these points as formative assessments and opportunities to provide 
meaningful feedback to the students.

3.2: Students will be able to communicate their scientific investigations in writing, 
graphically, or in tabular format, when appropriate.
3.3: Students will recognize the need for appropriate data management and representation 
and will reflect this necessity in the context of designing a scientific investigation.
3.4: Students will be able to identify manipulated, responding, and controlled variables 
in an experiment of their design, and will include these variables in a stated hypothesis.
1.2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.

Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Measurement tools (balance, graduated cylinder, etc.)
Computers (1/group) and books for research
Large paper for data collection design
Overhead and pens

This is a pretty short day; therefore, the students have one pretty straightforward yet 
cognitively demanding task: to design how they are going to collect data and how they 
will represent this data in order to answer the inquiry question that was posed to the 
whole class on the previous day

In terms of timing, this is logical because once a hypothesis (or in this case a 
question) has been stated in the course of an inquiry, experimental design is the next step.

In terms of purpose, I have decided that a guided (rather than structured) inquiry 
is important because an important objective is for students to begin to think about 
experimental design and variables, and student design of experiments is essential in 
guided inquiry.

Students will be designing the tests/observations they are going to conduct as 
well as how they are going to represent this data best in the service of answering the 
inquiry’s question. The students will be divided into groups for this activity (they will be 
in the same groups for the rest of the inquiry – through day 6). Their first task will be to 
design measurements they can conduct in order to determine the densities of different 
materials. These measurements will be conducted using a limited set of tools (the 
students will be required to use some, but not all, of the tools). These tools are listed in 
the resources section.

On this day the students will be required to identify independent (manipulated) 
and dependent (controlled) variables in the experiment or measurements they take. While 
this may be difficult because they are not conducting a manipulated experiment per se, 
the students will be using independent and dependent variables in the sense that they are 
going to be studying one phenomenon that depends on another (in this case, type of 
material and density are the two variables). It will be up to the students to decide which 
one of these makes most sense as each variable and to justify that decision.

There will be checkup points during the class period: part way through, the 
students will be required to explain to the teacher what measurements they will be taking. 
By the end of the period, they will have had to decided how these will be recorded and 
represented.

Groups will need to ask permission to use computers for research and have a 
plan for what they will be researching. If they don’t have a plan they will be able to ask 
for suggestions from the teacher.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 4 – 42 minutes

What students are 
doing
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Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Measurement tools (balance, graduated cylinder, etc.)
Computers (1/group) and books for research (very limited use!)
Large paper for data collection
Overhead and pens
Blank white boards

Formal: -Density understanding homework.
Informal: -Observations of group work and how it’s going.

-Check-in points.

The school in which I am going to be student teaching (Nathan Hale High 
School) is a member of the Coalition of Essential Schools; one of their core principles is 
“student as worker.” More than any other day in this unit, this day exemplifies this ideal. 
Students are working on tasks that are meaningful in terms of learning (they learn about 
density in a hands-on sense and learn about appropriate experimental design) and authentic 
(they are faced not only with data collection, representation, and interpretation just like 
“real” scientists, but also with how to communicate this to the class). This will be the 
first genuine inquiry that the students will do in the school year, and they will be getting 
used to the common class procedure of working relatively independently in groups but 
still being accountable for high-quality work. Therefore, it is particularly essential that I 
as teacher enforce high standards for this work as this day will set the tone for much of 
the rest of the fall.

2.2: Students will apply this knowledge (Objective 2.1) by predicting how materials 
will be vertically ordered based on their densities.
1.2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.
1.4: Students will apply the definitions of mass and volume by making measurements 
of these phenomena.
3.3: Students will recognize the need for appropriate data management and representation 
and will reflect this necessity in the context of designing a scientific investigation.
3.4: Students will be able to identify manipulated, responding, and controlled variables 
in an experiment of their design, and will include these variables in a stated hypothesis.

This day is pretty much entirely a “work” day for the students in that they get 
this time to conduct their measurements, organize their data, make some conclusions and 
decide how they will present this information to the class. This seems like a lot of 
inquiry to do in one day, but the groups will already have a plan for how they are going 
to conduct their experiment and this will be relatively straightforward in the grand scheme 
of scientific inquiry.

The students will have to report to the teacher part way through the period when 
they have finished collecting data. There will be a set deadline for this checkup. Another 
checkup will come toward the end when they need to have a basic plan of what they are 
going to say to the class about their results on day 6.

There will be time at the beginning of class for standard logistics and at the end 
for cleanup and a reiteration of what the students should do to prepare themselves for 
Mondays’ seminar.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 5 – 75 minutes

What students are 
doing
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Finished white boards
Rubric sheets for group work
Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Aquarium

Formal : -The whiteboard presentations are a fantastic assessment. Because the
students will be given specific criteria for things to include when they present 
their findings in the seminar, it will be easy to use a rubric to assess the content 
of their presentations.

-Density Understanding homework is somewhere in between a self-
assessment and a regular homework assignment. This is due today, and has 
several short answer questions as well as opportunities for the students to 
communicate to the teacher any self-identified lack of understanding related to 
density.

Informal: -Students’ responses to teacher and student questions as well as the 
questions students ask of other groups who are presenting will be key informal 
assessment evidence.

This day is designed to give the students a lot of time to talk – hopefully this 
day will be a huge percentage student talk rather than teacher talk. This instructional 
strategy is meant to be meaningful in that it shows the students the fruits of their labor 
(they put in work conducting their inquiry on Friday and on this day will see the results 
of “student as worker”). Hopefully, this group seminar will show students not only what 
they have learned but also how they can relate it to what their classmates have learned. 

Furthermore, this is called a “seminar” because it is meant to be an authentic 
approximation of what real scientists do (indeed, this format is common in science 
graduate school courses). It matters not that the inquiry results are not scientifically 
groundbreaking, for hopefully the students are encountering material that’s new to them.

3.2: Students will be able to communicate their scientific investigations in writing, 
graphically, or in tabular format, when appropriate.
4.5: Students will be able to use realistic scientific discourse as a tool toward greater 
understanding.

Students will be presenting the results of their inquiry in a “seminar.” This is 
essentially group presentations to the whole class but will be structured in such a way 
that the students do not feel the need for a great deal of formal preparation or slick 
gimmicks in order to present their findings and such that students in other groups feel not 
only free but compelled to ask questions and have a class discussion on the findings. 
They will be using 2’x3’ white boards and wet erase markers for the presentations, and 
these will be prepared entirely in class (on Friday). On this day, the classroom will be set 
up in so each group can deliver their findings from near their seats – the room will be 
arranged in a circular fashion, making this seminar more of a “round table” discussion.

The results of the inquiry will be tested by the whole class as the order of the 
materials is determined in an aquarium.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 6 – 75 minutes

What students are 
doing
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This day is one of the most wing-it days in terms of assessment because there is 
little – all of the assessment on this day is informal, based on student questions and 
dialogue during whole-class discussion, responses to teacher questions in class, and the 
brief pair work that is designed to support the debriefing of the inquiry.

The lesson for the day, however, will be partially written around a previous 
day’s formal assessment, the Density Understanding homework.
Overhead and pens
Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Materials from density walkabout lab
Measurement tools (balance, graduated cylinder)

4.1: Students will know that Earth can be used as an analog for other planets in many 
respects, but that this assumption is not applicable in all cases.
4.2: Students will know that this assumption is used by professional scientists 
investigating other planets.
4.3: Students will be able to evaluate the value of scientific investigations of other 
planets based on their knowledge of Earth materials as an analog.
2.3: Students will know that density plays a role in the ordering of materials in the cases 
of other planets, stars, and the solar system.

The purpose of this day is to construct an explicit link between the content that 
the students have been learning about and investigating and 1) the Earth and planetary 
themes of the course and 2) the specifically situated essential questions that relate to how 
density can inform our study of other planets and whether studying density is of any 
value to the search for evidence of life on Mars.

This link is important not only for the goals of the course and the essential 
questions but also in terms of big scientific ideas and EALRs. The big scientific ideas 
that are being linked here fall into two categories: what we’ve studied and what we 
haven’t. What we’ve studied includes what density is and how to measure it. What we 
haven’t is how we could measure density in places other than the Earth and what we can 
conclude from that information.

This is another day of whole-class discussion with elements of direct instruction 
built in, but this day will differ from others in that this day will be mostly teacher-led.
1) The first part of the day will consist of direct instruction that seeks to address 
some of the issues identified by the Density Understanding homework. This will consist 
of examples by way of demonstration as well as notes and drawings (to the best of my 
artistic ability) on the overhead, all directed by the results of the Density Understanding 
homework as well as student questions.
2) The students will break into pairs for about ten minutes, come up with several 
ideas of how the methods and findings of the inquiry could be useful to the study of other 
planets and then will come more whole-class discussion – specifically an attempt to 
debrief the inquiry and come to a common understanding of why we would want to study 
the density of materials on other planets.
3) This is followed by two mini-lectures: the first is on what materials’ densities 
have been measured on other planets, how, and what has been concluded from that 
information. Second is a small mini-lecture on what motivates scientists to conduct these 
kinds of investigations.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 7 – 75 minutes

What students are 
doing
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Students should be getting used to doing white board presentations, preparing 
for science seminars, and doing group work; these are all meaningful classroom routines 
that will be taking place a great deal over the course of the school year.

The Mars Density Rover assignment is a performance assessment that strongly 
matches several of the learning objectives. By incorporating different modes of discourse 
(written, oral, and graphical) and modes of thought (mathematical and creative vis-à-vis 
measurements and rover design, respectively) into a study of the same content, this 
assignment is designed for different learning styles. It is meaningful because it is 
authentic in that it closely resembles activities that are undertaken by real scientists, and 
it is also meant to be fun. The students should feel that the unit has prepared them for 
and has led up to this performance assignment.

Reasons for content 
and instructional 
strategy

Formal: -The Mars Density Rover assignment is meant to be a 
culminating formal assessment. This final assessment will take place mostly on 
the last day of the unit when a seminar/discussion of the rovers is held.

Informal: -Informal assessments will come at designated check-in times. These 
check-ins are meant to provide opportunities for meaningful feedback from the
teacher; i.e., if students are clearly not understanding the content or the task, the
teacher will redirect them at these opportunities.

Blank white boards and markers
Overhead and pens
Materials to be measured in the inquiry (rocks, wood, liquids, plastic, styrofoam)
Materials from density walkabout lab
Measurement tools (balance, graduated cylinder)

1.1: Students will be able to operationalize density as a physical property in the service 
of investigating substances.
1.2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.
1.3: Students will know that density is a dynamic ratio between the mass and volume of 
an object or material; it can be changed by outside factors but not by individual changes 
in mass.
3.1: Students will be able to design a remote scientific investigation of density within 
the limitations of technology and environmental factors.
3.2: Students will be able to communicate their scientific investigations in writing, 
graphically, or in tabular format, when appropriate.
3.3: Students will recognize the need for appropriate data management and representation 
and will reflect this necessity in the context of designing a scientific investigation.
3.4: Students will be able to identify manipulated, responding, and controlled variables 
in an experiment of their design, and will include these variables in a stated hypothesis.

Another “student as worker” day. On this day, the students will begin their Mars 
Density Rover project (which is a performance assessment). The Mars Density Rover 
assignment – instructions and scoring criteria – is attached.
1) There will be 10-15 minutes of whole class discussion/direct instruction 
recapping the previous day, introducing the assignment, and telling students exactly what 
is expected of them.
2) The students will be divided into groups of four for this assignment. After 30 
minutes of work time, they will have to show the teacher that they have identified at 
least two things that the rover will take direct measurements of (i.e., mass and volume – 
they aren’t going to be able to use a hydrometer to measure the density of Martian rocks). 
At the end of the period, they will have to have identified the types of tools that their 
rover will use to conduct measurements and completed two sections (from the assignment 
criteria) on their white boards.

Resources

Evidence of 
understanding

Objectives

Day 8 – 90 minutes

What students are 
doing

10



Density Quizzes
Key (after class)

The entire day is a formal, mostly traditional assessment. The Density Quiz has been 
reviewed by others, and it has been determined that the items on the Density Quiz closely 
match the learning objectives it is meant to assess.

Intense quizzes and lengthy tests are not the norm in ninth grade science at 
Nathan Hale; however, they do occur, and students should take them as serious 
summative assessments of their knowledge and understanding. This quiz matches the 
learning objectives closely and be a good way to assess students’ understanding of 
density. That said, it is not my goal for this quiz to be a culminating assessment in the 
sense that all of the work they did during the unit is leading up to this moment. Thus, 
this quiz is not on the last day, tough it would not be appropriate for the quiz to be much 
earlier because that would place the testing before the teaching (not an uncommon 
phenomenon in general but one I seek to avoid).

The Density Quiz is meant to assess many of the objectives that have 
been taught during the unit. Specifically:
1.1: Students will be able to operationalize density as a physical property in the service 
of investigating substances.
1.2: Students will know what measurements are appropriate in order to calculate 
materials' density and will be able to justify the use of such measurements.
1.3: Students will know that density is a dynamic ratio between the mass and volume of 
an object or material; it can be changed by outside factors but not by individual changes 
in mass.
2.1/2.3: Students will know that density and gravitational force dictate the ordering of 
Earth materials into layers such as the core, mantle, crust, oceans, and atmosphere; and 
will be able to apply this concept in the cases of other planets, stars, and the solar 
system.
2.4: Students will be able to relate their understanding of density to the fact that things 
are made up of smaller particles.
1.4: Students will apply the definitions of mass and volume by making measurements 
of these phenomena.

Density quiz (all period). This quiz is a mostly traditional assessment, 
consisting of traditional (matching and short answer) items and a brief performance item. 
Other than regular class logistics and questions or concerns that are raised in general, the 
students will spend the entire period on the quiz (30-35 minutes). The density quiz and 
accompanying scoring rules are attached.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 9 – 42 minutes

What students are 
doing
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Finished white boards

Formal: -The Mars Density Rover assignment has a specific set of scoring 
rules. These rules match the learning objectives the assignment is meant to 
assess; therefore, it is likely that students’ scores on the assignment will 
correlate closely to their level of knowledge and understanding relative to the 
learning objectives.

Informal: -The content of student presentations and student responses to questions 
will be used as an informal assessment.

-Student questions will be used as an informal assessment.

1.1: Students will be able to operationalize density as a physical property in the service 
of investigating substances.
1.2: Students will apply appropriate measurements in order to calculate materials' 
density and will be able to justify the use of such measurements.
1.3: Students will know that density is a dynamic ratio between the mass and volume of 
an object or material; it can be changed by outside factors but not by individual changes 
in mass.
3.1: Students will be able to design a remote scientific investigation of density within 
the limitations of technology and environmental factors.
3.2: Students will be able to communicate their scientific investigations in writing, 
graphically, or in tabular format, when appropriate.
3.3: Students will recognize the need for appropriate data management and representation 
and will reflect this necessity in the context of designing a scientific investigation.
3.4: Students will be able to identify manipulated, responding, and controlled variables 
in an experiment of their design, and will include these variables in a stated hypothesis.
Having two science seminars in one week will get students used to this meaningful 
classroom routine. By having a seminar in which students are presenting a fairly involved 
group assignment on the last day of the unit, the students should be made to feel that 
their work has been worthwhile. This day is meant to tie the whole unit together in the 
context of a discussion around a specific assignment. In that sense, this day functions as 
an assessment, a unit review, and a debriefing session (i.e., what did we learn about 
density and what it can tell us). By returning to the essential questions, it is my hope 
that this day will give the students a perspective on what they have learned.

This day will consist of the final design and presentation of students’ Mars 
Density Rover projects. The first part of the period will be spent finalizing white boards 
with specifications and diagrams of groups’ Mars Density Rovers. The groups will have 
to be ready to present after 20 minutes of work time.

The presentations will follow the format of a seminar again. Each group will 
present their rover to the class and students will be expected to ask questions of other 
students. Teacher questions will also probe students’ understanding and lead whole-class 
discussion of density issues. The whole-class discussion that will follow and surround the 
white board presentations will seek to address the unit’s essential questions.

Resources

Evidence of 
understanding

Reasons for content 
and instructional 
strategy

Objectives

Day 10 – 75 
minutes

What students are 
doing
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Appendix 1: Performance Assessment (directions and scoring criteria) – days 8 and 10

Designing the Mars Density Rover
Directions for assignment

Introduction:
You are members of a team of NASA engineers designing a robotic rover that will be 

exploring ad investigating the surface of Mars. Because of your past experience in measuring the 
density of various solid materials here on Earth, you are considered density experts and have been 
selected to design the part of the rover that will collect data on the density of solid materials on 
Mars.

Your rover needs to collect the data on Mars materials that are necessary to calculate 
density. In order to accomplish this, you will need to design a rover that will collect the data 
necessary to calculate the density of materials on Mars. You will need to explain what your rover is 
measuring as well as how and why it is measuring these things. You will also include a diagram of 
your rover. The details of what you must include are below.

Useful information:
-Because you are measuring density, it is helpful to keep the following equation in mind:
density = mass/volume
-It is also helpful to remember that Mars has approximately 1/3 as much gravitational force as 

Earth; I weigh 66 kg on Earth, so if I brought an Earth scale with me to Mars and weighed 
myself it would tell me I weigh 22 kg. However, my actual mass does not change.

Materials:
You can use any of the materials we used in our previous in-class investigations of density, 

including:
-Balance/scale
-Graduated cylinders
-Water
-Earth materials (rocks, wood, etc.)
-Textbooks
-NASA website

The rover design proposal you turn in should have a written portion as well as one or more figures.
Your final rover design proposal will be evaluated on and must include the following:
-A description of what data the rover will be collecting in order to determine density.
-A description of how the rover will measure each of those things – what tools or instruments will it 

be using?
-Most important: A description of why it will measure each of those things – why is each 

measurement relevant to the investigation of density?
-The way in which the collected data will be represented – will there be a data table, graph, etc.? 

Include an example of how the data will be represented and explain this.
-A description of how density will be calculated from the data collected by the rover and how 

gravitational differences will be accounted for.
-A diagram or drawing of the rover, with the data collection tools or instruments clearly labeled.

13



Designing the Mars Density Rover
Criteria

Performance criteria:
The following criteria will be applied to the Mars density rover performance:
-Appropriate measurements are included (i.e., mass and volume) (1.2)
-Shows an understanding of why mass and volume are appropriate to density measurements 
(justification of measurements) (1.1, 1.2)
-Shows student knowledge of density calculation (1.1)
-Takes into account gravitational (environmental) differences (2.1)
-Clearly labels and diagrams the proposed design (2.2)
-Data will be appropriately managed/represented (2.2, 2.3)

Scoring Criteria:
In order to specifically assess whether these criteria have been met in observable terms, the 
following scoring rubric will be used:

Point value
Section scoreSection

/ 20
/ 2

/ 2

x2

/ 4

x3

/ 6

x2

/ 4

/ 2

Data 
representation 
not attempted.

Data 
representation 
unclear or 
unexplained.

Data 
representation 
logical and 
explained.

Data 
representation

Density 
calculation not 
attempted.

Density 
calculated 
incorrectly.

Density 
calculated 
correctly.

Calculation of 
density

Neither diagram 
of rover nor 
description of 
data collection 
present.

Diagram of rover 
or description of 
data collection 
present.

Diagram of rover 
and description 
of data collection 
present.

Diagram/data 
collection 
design

Total score

012

Justification of 
measurements

Measurements 
of mass and 
volume

Gravitational 
differences

No 
measurements 
justified.

Some 
measurements 
justified.

All 
measurements 
justified.

Neither mass nor 
volume 
measured.

Mass or volume 
measured by 
rover.

Mass and 
volume 
measured by 
rover.

Gravitational 
differences not 
taken into 
account.

Takes 
gravitational 
differences into 
account, but not 
correctly. 

Correctly takes 
into account 
differences in 
measuring mass 
due to 
gravitational 
differences.
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Appendix 2: Density Quiz (items and scoring criteria/rules) – day 9

Science 9 Density Quiz Name ________________ Block ___

1. Put the most appropriate choice from Column I in the correct blank under Column II.

Column I Column B
a. _________ can be used to measure MASS Map
b. _________ can be used to measure VOLUME Balance
c. _________ can be used to measure DENSITY Hydrometer

Pressure gauge
Graduated cylinder

2. Jupiter is far from the center of the solar system; the Sun is very close to the center. From this 
information, what can you conclude about Jupiter's DENSITY compared to that of the Sun? 
Explain how your conclusion about Jupiter’s density is related to its position in the solar 
system.

3. Describe one way to measure density. Be sure to include the following terms: MASS, 
DENSITY, VOLUME.

4. Explain density's role in the formation of the Earth's layers. Be sure to include at least three of 
the following terms: CORE, MANTLE, CRUST, OCEANS, ATMOSPHERE.

5. Explain the difference between MASS and VOLUME. You must  do more than give a 
definition of each – include ONE of the following in your response:

-an example
-information from your walkabout lab
-a measurement used to determine mass or volume
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6. You have a piece of bread. You squash it into a little tiny ball. Which of the following things 
will this change? Circle any acceptable answers:

a) MASS
b) VOLUME
c) DENSITY

Why does squashing the bread change the factor(s) you identified?

7. Lead has many more particles per milliliter (mL) than does titanium. From this information, 
what can you conclude about the DENSITY of lead compared to that of titanium?

8. Based on the diagram above, match the following Earth materials to their densities:

11.5 g/cm3: ________ Ocean

4.0 g/cm3: ________ Mantle

2.7 g/cm3: ________ Atmosphere

1.09 g/cm3: ________ Crust

1.00 g/cm3: pure water Core

0.9 g/cm3: ________ Ice

0.0012 g/cm3: ________
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Science 9
Density Quiz Name Key_____________ Block ___
17 points possible

1. Put the most appropriate choice from Column I in the correct blank under Column II.

Column I Column B
a. Balance can be used to measure MASS Map
b.Graduated cylindercan be used to measure VOLUME Balance
c. Hydrometer can be used to measure DENSITY Hydrometer

Pressure gauge
Scoring – 1 point per correct answer Graduated cylinder

2. Jupiter is far from the center of the solar system; the Sun is very close to the center. From this 
information, what can you conclude about Jupiter's DENSITY compared to that of the Sun? 
Explain how your conclusion about Jupiter’s density is related to its position in the solar 
system.

Scoring – 1 point for Jupiter is LESS DENSE than the Sun
1 point for proximity to center is related to density, more dense materials 

toward center, or less dense farther out, etc.

3. Describe one way to measure density. Be sure to include the following terms: MASS, 
DENSITY, VOLUME.

Scoring – 1 point for measurement of MASS
1 point for measurement of VOLUME
1 point for DENSITY as ratio of mass/volume 

4. Explain density's role in the formation of the Earth's layers. Be sure to include at least three of 
the following terms: CORE, MANTLE, CRUST, OCEANS, ATMOSPHERE.

Scoring – 1 point for 3 terms
1 point for denser items are toward center or less dense toward outside
1 point for identification of denser/less dense layers (within 3 terms)

5. Explain the difference between MASS and VOLUME. You must  do more than give a 
definition of each – include ONE of the following in your response:

-an example
-information from your walkabout lab
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-a measurement used to determine mass or volume

Scoring – 1 point for explanation of MASS
1 point for explanation of VOLUME
1 point for explanation of difference

6. You have a piece of bread. You squash it into a little tiny ball. Which of the following things 
will this change? Circle any acceptable answers:

a) MASS
b) VOLUME
c) DENSITY

Why does squashing the bread change the factor(s) you identified?

Scoring – 1 point for correct choices
1 point for conservation of mass

7. Lead has many more particles per milliliter (mL) than does titanium. From this information, 
what can you conclude about the DENSITY of lead compared to that of titanium?

Scoring – 1 point for lead is denser than titanium

8. Based on the diagram above, match the following Earth materials to their densities:

11.5 g/cm3: Core____ Ocean

4.0 g/cm3: Mantle__ Mantle

2.7 g/cm3: Crust___ Atmosphere

1.09 g/cm3: Ocean___ Crust

1.00 g/cm3: pure water Core

0.9 g/cm3: Ice______ Ice

0.0012 g/cm3: Atmosphere

Scoring – 3 points for all in order AND densest/least dense at either end
2 points for all in order OR densest/least dense at either end
1 point for some in order OR either densest or least dense at appropriate 

end
0 none correct/not done
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