
STARBASE Minnesota  
STARS 1 – 5th Grade  

Fall 2021 Program Description and Standards Alignment  
 

“Use STEM to Prepare for Space Travel and Exploration” 
 

Day 1: Investigate the design of a rocket. 
On their first day of STARBASE, students explore the design of a rocket, focusing on fin design.  They begin by conducting 
an experiment to compare rockets with two and three fins.  After learning which number of fins helps a rocket fly the 
farthest, students then consider other questions they have about the design of rocket fins.  After a brief training on how 
to use 3D CAD software, students design their own fin prototypes to be printed in a 3D printer and tested on rockets on 
the last day of the program.  Students are introduced to STEM career skills, how they can grow in these skills, and future 
career opportunities. 

 

Minnesota Academic Standards in Science  
4 1. The Nature of Science 

and Engineering 
2. The Practice 
of Engineering 

2. Engineering design is the process of identifying problems, developing 
multiple solutions, selecting the best possible solution and building the 
product. 

Benchmarks 
4.1.2.2.2 - Generate ideas and possible constraints for solving a problem through engineering design. 
4.1.2.2.3 - Test and evaluate solutions, considering advantages and disadvantages of the engineering solution, and communicate 
the results effectively. 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of Science 

2. Scientific inquiry requires identification of assumptions, use of critical and 
logical thinking, and consideration of alternative explanations.. 

Benchmarks 
5.1.1.2.1 - Generate a scientific question and plan an appropriate scientific investigation, such as systematic observations, field 
studies, open-ended exploration, or controlled experiments to answer the question. 
5.1.1.2.2 - Identify and collect relevant evidence, make systematic observations and accurate measurements, and identify 
variables in a scientific investigation. 

5 1. The Nature of Science 
and Engineering 

3. Interactions 
Among STEM 
and Society 

4. Tools and mathematics help scientists and engineers see more, measure 
more accurately, and do things that they could not otherwise accomplish. 

Benchmarks 
5.1.3.4.1 - Use appropriate tools and techniques in gathering, analyzing and interpreting data. For example: Spring scale, metric 

Students design and test fins for a model rocket through a series of activities over several days. In 

this first lesson of their week, students determine the number of fins needed to make their rocket fly 

best. Students will launch air rocket prototypes with two and three fins, collecting measurements 

and observational data to inform their decision on number of fins for their own rocket prototype. 

Rocket Fin 

Testing 

Students will use an engineering design process to explore how fin size (area) affects the flight of a 
rocket. They will analyze two prototype rocket fins by calculating area. Students will sketch their own 
fin design based on which size area (large vs. small) they think will help the rocket fly farthest.  In 
preparation for the eventual testing of their 3D printed fins, students will discuss how to conduct a 
fair test to compare the various fin designs. 
 

Engineer a 

Rocket Fin 

Students will use CAD software to create a model to be 3D printed and tested at a rocket launch.  

After learning basic mouse controls and operations, students will use CAD modeling tools to transfer 

the sketch on paper to a digital model, maintaining the size and shape of their original design.  

CAD Fin Design 

 



measurements, tables, mean/median/range, spreadsheets, and appropriate graphs 

 

Minnesota Academic Standards in Mathematics 
4 Number & 

Operation 
 

Represent and compare fractions and decimals in real-world and mathematical situations; use place 
value to understand how decimals represent quantities. 

Benchmarks 
4.1.3.6 - Locate the relative position of fractions, mixed numbers and decimals on a number line. 

4 3. Geometry and 
Measurement 

2. Understand that angle and area as measureable attributes of real-world and mathematical objects.  
use various tools to measure angles and areas. 

Benchmarks 
4.3.2.3 – Understand that the area of a two-dimensional figure can be found by counting the total number of same size square 
units that cover a shape with gaps or overlaps. 
4.3.2.4 – Find the area of geometric figures and real-world objects that can be divided into rectangular shapes. Use square units 
to label area measurement. 

5 4. Data Analysis 1. Display and interpret data; determine mean, median and range. 
 

Benchmarks 
5.4.1.1 - Know and use the definitions of the mean, median and range of a set of data.  Know how to use a spreadsheet to find the 
mean, median and range of a data set.  Understand that the mean is a “leveling out” of data. 

  



Day 2: Prepare for a safe journey to Mars. 
 As students learn about the dangers of traveling through Space and exploring other planets, they also learn how to use 

STEM to make their missions safe.  Students will determine how to reduce the mass of their space ship and how to safely 

store mission critical items on their journey through the vacuum of Space.  As they begin to consider living and working 

on Mars, students engage in the use of robots to simulate 3D printing a shelter on Mars.  All throughout, students 

continue to explore exciting STEM careers and recognize their own growth in STEM career skills.  

Minnesota Academic Standards in Science  
5 1. The Nature of Science 

and Engineering 
1. The Practice 

of Science 
1. Science is a way of knowing about the natural world, is done by individuals 
and groups, and is characterized by empirical criteria, logical argument and 
skeptical review. 

Benchmarks 
5.1.1.1.2 - Recognize that when scientific investigations are replicated they generally produce the same results, and when results 
differ significantly, it is important to investigate what may have caused such differences. For example: Measurement errors, 
equipment failures, or uncontrolled variables. 
5.1.1.1.3 - Understand that different models can be used to represent natural phenomena and these models have limitations 
about what they can explain. For example: Different kinds of maps of a region provide different information about the land 
surface 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of Science 

2. Scientific inquiry requires identification of assumptions, use of critical and 
logical thinking, and consideration of alternative explanations.. 

Benchmarks 
5.1.1.2.1 - Generate a scientific question and plan an appropriate scientific investigation, such as systematic observations, field 
studies, open-ended exploration, or controlled experiments to answer the question. 

In this lesson, students utilize computer aided design software called PTC Onshape to explore 

models of a spacecraft that must reduce its’ mass. Students navigate through different model 

displays, applying knowledge of surfaces and planes as they digitally dissect their model to search 

for objects hidden within the design. After locating the objects, students must add up the mass they 

would remove for non-critical equipment. 

CAD Scavenger 

Hunt 

 

During this lesson, students will explore the phenomena of a vacuum. They will use models to 

demonstrate that a vacuum has no molecules of air, and determine which types of materials will 

change when put into a vacuum environment. After researching several items, students will make 

predictions about liquid water in a vacuum, then apply their knowledge to pack various items in 

pressurized vs. non-pressurized storage in a spacecraft for Mars.  

Vacuum of 

Space 

Investigation 

 

Robots may begin building a Mars Base before people arrive on Mars. One idea is to have robots use 
the dirt on Mars to build a base, similar to how a 3D printer works. Students will interpret a line 
graph to predict the time it will take their Ozobot (robot prototype) to go around the perimeter one 
time of different sized Mars building shapes. Using their data, students will be able to predict how 
long it would take the robot to build a building with 4,000 layers.  
 

Ozobot 3D 

Printing 

Students at STARBASE Minnesota participate in an integrated STEM curriculum where they practice 

many skills used by professionals in STEM career fields.  Students will explore a variety of STEM 

careers to help them make the connection between their work and future real-life STEM fields.  

Through discussion, watching STEM career videos, collecting STEM career cards that highlight jobs 

they are interested in, ranking their interest level in each career and writing their own questions and 

reflections, students will start to make these connections and view themselves as possible future 

scientists and engineers! 

Explore STEM 

Careers 



5 1. The Nature of Science 
and Engineering 

3. Interactions 
Among STEM 
and Society 

4. Tools and mathematics help scientists and engineers see more, measure 
more accurately, and do things that they could not otherwise accomplish. 

Benchmarks 
5.1.3.4.1 - Use appropriate tools and techniques in gathering, analyzing and interpreting data. For example: Spring scale, metric 
measurements, tables, mean/median/range, spreadsheets, and appropriate graphs 

5 2. Physical Science 2. Motion 1. An object's motion is affected by forces and can be described by the 
object's speed and the direction it is moving. 

Benchmarks 
5.2.2.1.3 - Demonstrate that a greater force on an object can produce a greater change in motion. 

 

Minnesota Academic Standards in Mathematics 
5 1. Number & 

Operation 
1. Divide multi-digit numbers; solve real-world and mathematical problems using arithmetic. 

Benchmarks 
5.1.1.4 - Solve real-world and mathematical problems requiring addition, subtraction, multiplication and division of multi-digit 
whole numbers. Use various strategies, including the inverse relationships between operations, the use of technology, and the 
context of the problem to assess the reasonableness of results.  

5 2. Algebra 
1. Recognize and represent patterns of change; use patterns, tables, graphs and rules to solve real-
world and mathematical problems. 

Benchmarks 
5.2.1.1 - Create and use rules, tables, spreadsheets and graphs to describe patterns of change and solve problems.   

5 4. Data Analysis 1. Display and interpret data; determine mean, median and range. 

Benchmarks 
5.4.1.2 - Create and analyze double-bar graphs and line graphs by applying understanding of whole numbers, fractions and 
decimals. Know how to create spreadsheet tables and graphs to display data. 

 

 
 
  



Day 3: Connect the past, present, and future with STEM. 
Traveling into Space and beyond is an exciting yet dangerous human endeavor.  Students learn how STEM has helped 

previous generations have advanced flight and Space exploration.  They will tour historical aircraft at the Air National 

Guard Museum to observe how these aircraft changed over time.  Students will then experience STEM in the present as 

they conduct experiments related to the chemistry of Mars before looking to the future.  As students look to the future, 

they will use STEM to explore how robots may be used to prepare an area for construction of a Mars base.   

Minnesota Academic Standards in Science  
4 1. The Nature of Science 

and Engineering 
2. The Practice 
of Engineering 

2. Engineering design is the process of identifying problems, developing 
multiple solutions, selecting the best possible solution and building the 
product. 

Benchmarks 
4.1.2.2.1 - Identify and investigate a design solution and describe how it was used to solve an everyday problem. 
4.1.2.2.2 - Generate ideas and possible constraints for solving a problem through engineering design. 
4.1.2.2.3 - Test and evaluate solutions, considering advantages and disadvantages of the engineering solution, and communicate 
the results effectively. 

4  1. The Nature of Science 
and Engineering 

3. Interactions 
Among STEM 
and Society 

3. The needs of any society influence the technologies that are developed and 
how they are used. 

Benchmarks 
4.1.3.3.1 – Describe a situation in which one invention led to other inventions. 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of science 

2. Scientific inquiry requires identification of assumptions, use of critical and 
logical thinking, and consideration of alternative explanations. 

Benchmarks 
5.1.1.2.1 - Generate a scientific question and plan an appropriate scientific investigation, such as systematic observations, field 
studies, open-ended exploration, or controlled experiments to answer the question. 
5.1.1.2.2 – Identify and collect relevant evidence, make systematic observations and accurate measurements, and identify 
variables in a scientific investigation. 

5 1. The Nature of Science 
and Engineering 

3. Interactions 
Among STEM 
and Society 

4. Tools and mathematics help scientists and engineers see more, measure 
more accurately, and do things that they could not otherwise accomplish. 

Students will participate in a guided tour of a selection of airplanes at the Minnesota Air National 
Guard Museum.  Throughout the tour, students will engage in discussions about how engine design 
improvements over time increased the power of engines and resulted in advancements in 
performance, including increased airspeed or the ability to transport heavier cargo.  
 

Airplane Tour 

Science is a tool that can be used to learn about the past and make predictions for the future. Future 

Mars explorers will need to be skilled chemists, able to analyze various samples of soil, rocks, or 

water on Mars and determine what substances they find. The water that exists on Mars is ice buried 

in layers of soil and rock underground. Students will act as future Mars scientists and chemists, 

conducting an experiment looking for salts in simulated melted ice. The amount of salt will tell 

scientists if it was a wet (less salt) or dry (more salt) time period on Mars. Students will be presented 

with two different mixtures and they will discuss the solubility of both and how to separate them. 

Then, they will learn how science can be used to separate a new mixture using chromatography. 

Mars 

Chemistry 
Water Analysis and 

Chromatography 

Using an engineering design process, students will program a rover to clear an area of debris on 

Mars for a future base site. To complete this task, students will use appropriate math tools in basic 

Mabot programming.  As students create their prototype programs, they discover the limitations of 

manual programming and consider redesigning the rover program to be more autonomous, 

allowing it to clear a greater number of rocks from the build site. 

Mabots       

Clear Rocks 



Benchmarks 
5.1.3.4.1 - Use appropriate tools and techniques in gathering, analyzing and interpreting data. For example: Spring scale, metric 
measurements, tables, mean/median/range, spreadsheets, and appropriate graphs 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of Science 

1. Science is a way of knowing about the natural world, is done by individuals 
and groups, and is characterized by empirical criteria, logical argument and 
skeptical review. 

Benchmarks 
5.1.1.1.4 - Understand that different models can be used to represent natural phenomena and these models have limitations 
about what they can explain. For example: Different kinds of maps of a region provide different information about the land 
surface. 

5 2. Physical Science 2. Motion 1. An object's motion is affected by forces and can be described by the 
object's speed and the direction it is moving. 

Benchmarks 
5.2.2.1.2 - Identify the force that starts something moving or changes its speed or direction of motion. 

5.2.2.1.3 - Demonstrate that a greater force on an object can produce a greater change in motion. 

6 2. Physical Science 1. Matter 1. Pure substances can be identified by properties which are independent of 
the sample of the substance and the properties can be explained by a model 
of matter that is composed of small particles. 

Benchmarks 
6.2.1.1.1 - Explain density, dissolving, compression, diffusion and thermal expansion using the particle model of matter. 

6 2. Physical Science 1. Matter 2. Substances can undergo physical changes which do not change the 
composition or the total mass of the substance in a closed system. 

Benchmarks 
6.2.1.2.1 - Identify evidence of physical changes, including changing phase or shape, and dissolving in other materials. 

 
 

  

Minnesota Academic Standards in Mathematics 
5 2. Algebra 1. Recognize and represent patterns of change; use patterns, tables, graphs and rules to solve real-world 

and mathematical problems. 

Benchmarks 
5.2.1.1 –  Create and use rules, tables, spreadsheets and graphs to describe patterns of change and solve problems. 



Day 4: Use STEM to explore Mars. 
Rovers have been exploring Mars for decades in order to gather data for future, human missions. Students will use CAD 

to design the next generation of Mars rovers.  They will then explore how advancements in technology over time have 

allowed current rovers the capability to function as remote scientists, searching for signatures of life, or previous life on 

Mars, including water, bacteria, and changes in atmosphere.  Students will simulate the work of scientists, programmers, 

and engineers as they program rovers to collect rock samples and test each sample for magnetic properties, expanding 

their knowledge and skills in coding, measurement, fractions and magnetism.  Students will then begin planning for future, 

human missions as they apply their understanding of Newton’s Laws to the design of a Mars Lander.  

 

Minnesota Academic Standards in Science  
4 1. The Nature of Science 

and Engineering 
2. The Practice 
of Engineering 

2. Engineering design is the process of identifying problems, developing 
multiple solutions, selecting the best possible solution and building the 
product. 

Benchmarks 
4.1.2.2.1 - Identify and investigate a design solution and describe how it was used to solve an everyday problem. 
4.1.2.2.2 - Generate ideas and possible constraints for solving a problem through engineering design. 
4.1.2.2.3 - Test and evaluate solutions, considering advantages and disadvantages of the engineering solution, and communicate 
the results effectively. 

4  2. Physical Science 3. Energy 1. Energy appears in many forms, including heat and electromagnetism. 

Benchmarks 
4.2.3.1.2 – Describe how magnets can repel or attract each other and how they attract certain metal objects. 

Students will discover that the presence of magnetite on Mars could mean there was once water or 

bacterial life in that location. Because magnetite is a naturally occurring magnet, students will 

explore properties of magnets and a model of a magnetic field. Using their knowledge of magnets, 

students will test and analyze rock samples they collect on their rover programming mission to 

determine where magnetite is located on Mars. 

CAD 

Gyrosphere 

After students explore properties of magnets, students will program a rover to collect rock samples 

at four different Mars locations. In order to successfully program their rover to collect these rock 

samples, students will utilize their skills in measuring distance, interpreting line graphs, and 

measuring angles with a protractor.  As rocks are collected, students will use their knowledge of 

magnets to detect how many of their samples have a magnetic field and how many do not.  

Throughout the lesson, students will utilize STEM career skills and will have the opportunity learn 

more about potential STEM careers related to robotics, magnetism, and energy.  

Ozobot Collect 

Rocks 

After collecting Mars rock samples with their rovers, students will evaluate and sort their rocks into 

groups of magnetic or non-magnetic. Students will compare the fraction of rocks with a magnetic 

field found in each group’s sample to determine which location on Mars may be best for further 

research of potential life on Mars.  Students conclude by making suggestions for the location of a 

future, human mission to Mars.  

Mars Rock 

Analysis 

After watching a short animation of a landing sequence for a Mars rover, students identify the 

dangers of using a similar landing system for a human mission.  While a rover can safely drop and 

bounce to a stop on the surface of Mars, this type of landing would endanger the lives of a team of 

Mars explorers. Using their knowledge of Newton’s First Law of Motion, inertia, students work as 

engineering teams to design part of a Mars lander, the restraint system.  Students put their 

prototype restraint systems to the test, redesigning until their Mars explorer safely lands on the 

surface of Mars. 

Mars Lander 



4 3. Earth and Space 
Science 

1. Rocks  and 
Minerals 

3. Rocks are Earth materials that may vary in composition. 

Benchmarks 
4.3.1.3.2 - Describe and classify minerals based on their physical properties. 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of science 

2. Scientific inquiry requires identification of assumptions, use of critical and 
logical thinking, and consideration of alternative explanations. 

Benchmarks 
5.1.1.2.1 - Generate a scientific question and plan an appropriate scientific investigation, such as systematic observations, field 
studies, open-ended exploration, or controlled experiments to answer the question. 

5.  2. Physical Science 2. Motion 1. An object's motion is affected by forces and can be described by the 
object's speed and the direction it is moving. 

Benchmarks 
5.2.2.1.2 - Identify the force that starts something moving or changes its speed or direction of motion.  
For example: Friction slows down a moving skateboard. 

 

 

 
 
 
  

Minnesota Academic Standards in Mathematics 

5  2. Algebra  
1. Recognize and represent patterns of change; use patterns, tables, graphs and rules to solve real-
world and mathematical problems.  

Benchmarks 
5.2.1.2  –   Use a rule or table to represent ordered pairs of positive integers and graph these ordered pairs on a coordinate 
system.  



Day 5: Engineer for the future. 
 After several days of engaging in STEM activities to prepare for Space travel and exploration, students are ready to test 

and evaluate their small and large fin rocket prototypes. Students employ all components of STEM as they collect and 

analyze data and apply math and science concepts to make rocket engineering decisions. Students utilize technology, 

including virtual reality, to explore a variety of STEM career opportunities, and begin to plan their own future in STEM.   

 

Minnesota Academic Standards in Science  
4 1. The Nature of Science 

and Engineering 
2. The Practice 
of Engineering 

2. Engineering design is the process of identifying problems, developing 
multiple solutions, selecting the best possible solution and building the 
product. 

Benchmarks 
4.1.2.2.3 - Test and evaluate solutions, considering advantages and disadvantages of the engineering solution, and communicate 
the results effectively. 

5 1. The Nature of Science 
and Engineering 

1. The Practice 
of Science 

1. Science is a way of knowing about the natural world, is done by individuals 
and groups, and is characterized by empirical criteria, logical argument and 
skeptical review. 

Benchmarks 
5.1.1.1.4 - Understand that different models can be used to represent natural phenomena and these models have limitations 
about what they can explain.  For example: Different kinds of maps of a region provide different information about the land 
surface. 

5 2. Physical Science 2. Motion 1. An object's motion is affected by forces and can be described by the 
object's speed and the direction it is moving. 

Benchmarks 
5.2.2.1.2 - Identify the force that starts something moving or changes its speed or direction of motion. 

6 2. Physical Science 1. Matter  2. Substances can undergo physical changes which do not change the 
composition or the total mass of the substance in a closed system.  

Students will test their rocket fin prototypes to determine the size (area) of fin needed for a 

successful and safe rocket launch. At the launch site, students will launch their rockets with their 3D 

printed fin and estimate the distance their rocket flew using colored meter marker cones. Back at 

STARBASE, students will apply math skills in the analysis of their rocket data to determine how the 

area of their fin designs affected the distance their rocket flew. 

Rocket Launch 

Fin 

Experiment 

Students at STARBASE Minnesota participate in an integrated STEM curriculum where they practice 

many skills used by professionals in STEM career fields.  As an end to the program, students will 

explore a variety of STEM careers to help them make the connection between their work and future 

real-life STEM fields.  This exploration includes experience STEM careers in 360° using virtual reality. 

Through discussion, watching STEM career videos, collecting STEM career cards that highlight jobs 

they are interested in, ranking their interest level in each career and writing their own questions and 

reflections, students will start to make these connections and view themselves as possible future 

scientists and engineers! 

Happy Atoms 

Students at STARBASE Minnesota participate in an integrated STEM curriculum where they practice 

many skills used by professionals in STEM career fields.  As an end to the program, students will 

explore a variety of STEM careers to help them make the connection between their work and future 

real-life STEM fields.  This exploration includes experience STEM careers in 360° using virtual reality. 

Through discussion, watching STEM career videos, collecting STEM career cards that highlight jobs 

they are interested in, ranking their interest level in each career and writing their own questions and 

reflections, students will start to make these connections and view themselves as possible future 

scientists and engineers! 

Your Growth 

in STEM 



Benchmarks 
6.2.1.2.3 - Use the relationship between heat and the motion and arrangement of particles in solids, liquids and gases to explain 
melting, freezing, condensation and evaporation. 

 

 
 
*STEM Career Exploration and STEM Career Skills 

At STARBASE Minnesota students participate in an integrated STEM curriculum where they practice many of the skills used 

by professionals in STEM career fields.  As students are engaged in STEM, they may not realize the connection between 

their work and future STEM careers.  STARBASE Minnesota curriculum includes specific lessons targeted at increasing 

students’ interest in STEM careers as well as reinforce students’ growth in STEM career skills.  The goal is that when future 

possibilities in STEM present themselves to students, STARBASE participants choose to engage themselves in STEM at an 

age when many of their peers are opting out of advanced coursework in STEM or STEM related activities. We know that 

introducing students to STEM careers and reinforcing STEM career skills is something highly valued by teachers, principals, 

and parents, and though state and national standards support career readiness in STEM, there are a limited number of 

benchmarks related to STEM careers, specifically at the middle school level at this time. While an alignment to STEM 

career related benchmarks may be difficult to communicate through this document, it should be noted that STEM career 

experiences and messaging are integrated throughout the STARBASE curriculum, including as part of each student’s 

assessment upon the conclusion of the program.       

 

Minnesota Academic Standards in Mathematics 
4 3. Geometry and 

Measurement 
2. Understand that angle and area as measureable attributes of real-world and mathematical objects.  
use various tools to measure angles and areas. 

Benchmarks 
4.3.2.3 – Understand that the area of a two-dimensional figure can be found by counting the total number of same size square 
units that cover a shape with gaps or overlaps. 
4.3.2.4 – Find the area of geometric figures and real-world objects that can be divided into rectangular shapes. Use square units 
to label area measurement. 

4 4. Data Analysis 1. Collect, organize, display, and interpret data, including data collected over a period of time and data 
represented by fractions and decimals. 

Benchmarks 
4.4.1.1 – Use tables, bar graphs, timelines and Venn diagrams to display data sets.  The data may include fractions or decimals.  
Understand that spreadsheet tables and graphs can be used to display data. 

5 4. Data Analysis 1. Display and interpret data; determine mean, median and range. 
 

Benchmarks 
5.4.1.1 - Know and use the definitions of the mean, median and range of a set of data.  Know how to use a spreadsheet to find the 
mean, median and range of a data set.  Understand that the mean is a “leveling out” of data. 


