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The Engineering Design Project Series was developed to support compatible 
modules by allowing students to design and/or build animal homes, tools, machines, and designs 
of their own creation. Taking between 4-6 sessions, the projects strengthen skills and ideas about 
choosing materials, using tools, working with the limitations of materials, solving problems 
and overall project design.

Project Guide shows teachers how to integrate technology and design skills in a hands-on, 
inquiry format for their students. Through a series of sessions, students develop strong process 
and design skills.

The Project Guide brings teachers up to speed for the science content with the design project 
through “Teacher Background Information” and in-context session notes. Teachers can feel 
comfortable with leading the class—whether they have a long history of teaching science 
and engineering or not.

Each Project Guide focuses on a Big Idea. Through a series of diff erent experiences and 
discussions over  4-6 sessions, students develop a deep understanding of the Big Idea 
by designing a project to demonstrate their understanding. 

Sessions follow a consistent sequence.
Engage – In this section of a session, the teacher introduces the topic. The goal is to  
briefl y generate interest, activate prior knowledge, or link the day’s activities to what   
has come before.

Explore – This is often (but not always) and hands-on exploration conducted in small 
groups.

Refl ect and Discuss – In this important section, the teacher and students discuss what 
they observed, share ideas and data, and refl ect on the day’s activities. This portion of 
session brings the class back to the Big Idea.

You’ll fi nd that while the session format is very consistent, students explore science content, 
engineering principles and the process of “doing science” in a large variety of ways.

You’ll also fi nd that students LOVE the mix of active, 
hands-on, minds-on science. 

Project Guide

Engage
briefl y generate interest, activate prior knowledge, or link the day’s activities to what   
has come before.

Refl ect and Discuss
they observed, share ideas and data, and refl ect on the day’s activities. This portion of 
session brings the class back to the Big Idea.

has come before.

Explore
groups.
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Teacher Background 
information
introduction

People are fascinated with the possibility of life in other parts of 
the universe. In our imaginations, space aliens are often strange 
creatures with intelligence and technology far beyond our own. 
While these fantasies fill myriad science fiction books, the actual 
search for life on other planets is less fantastical, but every bit as 
exciting to the scientists and engineers involved in the search. 

In this project, students learn about the latest developments in 
the search for life on the planet Mars. They learn how technologies 
that mimic human systems can aid in this search. In particular, 
they focus on how scientists and engineers who study Mars have 
used a robotic arm to collect samples of Martian soil and analyzed 
whether the soil might be able to sustain life. After this, students 
explore how a robotic arm might work by learning about the 
various parts that make up humans arms and hands. Finally, they 
design and sketch a robotic arm for collecting samples of Martian 
soil.  

Searching for life on mars

mission to mars
Although Mars is a very cold, desert planet that currently has no 
water on its surface, discoveries made by the Mars Odyssey Orbiter 
in 2002 showed large amounts of water-ice under its surface.

Teacher NoTe: The term “water-ice” refers to solid water (what we 
normally refer to simply as ice). This term is used in order to distinguish 
between solid water and other solid substances such as solid carbon 
dioxide (known commonly as dry ice) which have been found on Mars.

These discoveries prompted NASA (National Aeronautics and 
Space Administration) and a number of public and private 
enterprises to plan for the Phoenix Mars Lander Mission. 

The Phoenix Mars Lander (hereafter to be called Phoenix) was 
equipped with a robotic arm to dig through the top layer of soil to 
the water-ice below. The robotic arm brought the soil and ice to a 
platform on Phoenix for scientific analysis.
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Phoenix mission Objectives
One objective of the Phoenix Mission was to learn about the 
history of water on Mars by examining water-ice below its surface. 
Although there is no liquid water currently on the Martian surface, 
evidence from past missions suggests that billions of years ago 
liquid water may have existed in shallow lakes and flowed through 
canyons. A task of Phoenix was to determine if liquid water may 
have existed in the Martian arctic as recently as 100,000 years ago. 
This was accomplished by digging into the soil and ice just below 
the surface and then analyzing the chemistry of the sediment.

The second Phoenix objective was to study the Martian arctic soil 
to see if it could support life. Recent discoveries on Earth show that 
life can exist in the most extreme conditions. Just as the seed for a 
plant may be dormant for years until planted and watered, certain 
types of bacteria may be dormant in unfavorable conditions for 
hundreds of thousands of years. Then, when conditions become 
favorable to life, they may become activated.

Scientists believe that dormant bacteria may also exist in the 
Martian arctic. There may even be brief periods, about every 
100,000 years, in which the environment is favorable for life. The 
Phoenix was designed to analyze the soil of Mars for elements 
such as carbon, nitrogen, hydrogen, and phosphorus to assess 
whether the Martian environment could be fit for life during those 
brief periods.

Phoenix mission results
Scientists were very pleased with the information collected by 
Phoenix. First of all, they confirmed that water-ice does exist below 
the surface of Mars. Secondly, Phoenix found a rich mixture of soil 
nutrients. As a result, scientists believe it is possible that Martian 
soil could not only support microbes, but also could sustain plant 
life.

Designing a robotic Arm
The Phoenix robotic arm mimics certain aspects of the human 
arm. For example, the shovel attached to the end of the arm can 
swing in different directions as it digs and unloads the Martian soil. 
Similarly, the end of the arm connected to Phoenix moves around 
like a human appendage. 

To help them design robotic arms, students explore movement 
in their own arms. They learn how joints, bones, and muscles 
work together to allow for movement in their shoulders, elbows, 
wrists, and fingers. The following sections provide details about 
movement in the arm as well as the rest of the human body.
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How the Human Skeleton moves
Most of the bones of the skeleton are moveable. They are held 
together by strong tissues called ligaments. Ligaments ensure that 
bones are held together with the proper orientation and at the 
correct tension, creating a firm, flexible connection that allows for 
movement.

Femur

Patella

Tibia

Ligament

Ligament

Ligament
Ligament

The point where two or more bones meet is called a joint. The 
diagram above shows the bones and ligaments of the knee, a 
moveable joint. 

Where movement Occurs
Although most joints facilitate mobility, the particular range of 
motion varies greatly. The bones of the pelvic girdle move only 
slightly. The joints between the ribs and sternum and those 
between the ribs and vertebrae allow just enough movement 
for breathing. In contrast, the joints of the extremities—the 
fingers, toes, wrists, ankles, elbows, knees, shoulders, and hips—
demonstrate the tremendous range of motion necessary for 
actions such as walking, running, jumping, grasping, writing, and 
throwing. 
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Many joints have specialized structures at their bone-to-bone 
connections that facilitate movement. These structures, which 
cushion and lubricate bones where they meet, allow them to move 
smoothly, without friction. They are particularly well-developed in 
highly moveable joints, such as the knee and elbow. Joints with 
these features are called synovial joints. Those joints have a capsule 
filled with fluid that surrounds, lubricates, and nourishes the joint 
and caps of soft, flexible cartilage that cover and cushion the ends 
of the bones.

There are many body parts with synovial joints: the fingers, 
thumbs, wrists, elbows, shoulders, hips, and knees. Each type of 
joint has a specific structure, and each allows a different range of 
motion. In this project, students are introduced to three major joint 
types:

• Hinge joints—the joints in the elbows and knees that allow 
the arms and legs to swing back and forth like a hinged door.

• Pivot joints—the joints in the elbows, ankles, and neck that 
allow for side-to-side rotation. You can shake your head back 
and forth to say “No” because of your neck’s” pivot joint.
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• Ball-and-socket joints—the joints in your hips and shoulders 
which enable the arms and legs to swing in almost any 
direction.

How Bones and muscles Work Together

muscles move Bones
The body’s visible movements are brought about when muscles 
pull on bones. Tough bands of inelastic tissue called tendons 
attach skeletal muscles to bones. Tendons contain long fibers that 
firmly secure the muscles to the bones. When a skeletal muscle 
shortens, it pulls on the bones it is attached to. Contracting, or 
shortening, muscles cause a pulling action; muscles cannot push.

Skeletal muscles initiate movement by pulling on bones located at 
moveable joints. Skeletal muscles span moveable joints. One end 
of the muscle is attached to the bone on one side of the joint; the 
other end of the muscle is attached to the bone on the opposite 
side of the joint.

The body’s limbs flex (bend) and extend. These actions require the 
coordination of at least two muscles. A single muscle can only pull 
the limb in one direction. Because a muscle cannot push, it cannot 
move the limb back in the other direction. The muscles of the 
upper arm, for example, work in pairs—contraction of one muscle 
moves the bone in one direction and contraction of another 
muscle moves it back. Such muscles are called antagonistic 
muscles. 
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The following illustration shows a familiar example of an 
antagonistic muscle pair, the biceps and triceps muscles of the 
arm.

Muscle A
(contracting)

Bone A

Muscle B
(relaxed)

                

Muscle A
(relaxed)

Bone B

Muscle B
(contracting)

Contraction of the biceps  Contraction of the triceps 
(“Muscle A on the diagram) (“Muscle B on the diagram) 
bends the arm toward the body.  extends the left arm.

Antagonistic muscles oppose one another, pulling in opposite 
directions to bring about movement. As one antagonistic muscle 
contracts (shortens), the other relaxes (lengthens).

Student robotic Arm Designs
By the time students design their own robotic arms, they will have 
a variety of knowledge and experience to draw from. For example, 
they may incorporate into their designs an understanding of how 
antagonistic muscles work. They may also consider how the three 
types of joints might be used in their designs.

Due to the open-ended nature of the robotic arm project, students 
will be able to explore a variety of design ideas. Some student 
designs may look like and function similarly to the Phoenix robotic 
arm. Other students may design arms that have no resemblance to 
the Phoenix arm and function quite differently. Whatever direction 
the students’ design work follows, encourage them to be creative 
and follow their own interests.



18

Human Systems  
Design Project
A QuiCk lOOk

Big idea

We can meet a need by 
designing technologies that 
mimic human or animal 
muscular skeletal systems.

Overview
Students learn about recent unmanned spacecraft sent to Mars 
and discover how these spacecraft are equipped with robotic 
arms to collect soil samples. They discover the challenges of 
remotely operating a Mars rover and its robotic parts. Then they 
learn how their own arms move by looking closely at joints, 
bones, and muscles. Using this knowledge, they design and sketch 
a robotic arm to collect samples of material on Mars.

Process Skills  key notes

 

• The activities for this project will take at least seven sessions 
and, depending on student interest and the complexity of 
their projects, could last longer.

• This project is comprised of multiple sessions. Review the 
entire project before teaching the first session.

• For more information about the science content in this 
project, see the Teacher Background Information on pages 
8-13.

H u m A n  S y S T E m S 

D E S i G n  P r O J E C T

|   HUMAN SYSTEMS DESIGN PROJECT

• Creating and using 
models

• Defining a problem

• Designing a solution

• Evaluating a design

• Designing or building

• Choosing materials

• Using tools

• Working with the 
limitations of materials

• Solving problems

Technology/Design 
Skills



 NoTes
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Standards and Benchmarks
While exploring the human arm, students develop Life Science 
Standard C (Structure and Function in Living Systems): “Living 
systems demonstrate the complementary nature of structure and 
function.”

While designing robotic arms, students develop Science and 
Technology Standard E (Abilities of Technological Design): “…make 
and compare different proposals in light of the criteria they have 
selected…consider constraints—such as cost, time, trade-offs, and 
materials needed—and communicate ideas with drawings…” 

They also focus on The Nature of Technology Benchmarks 3A 
and 3B (Technology and Science and Design and Systems): 
“Technology enables scientists and others to observe things that 
are too small or too far away to be seen otherwise;” and “There is 
no perfect design. Designs that are best in one respect…may be 
inferior in other ways.” Finally, they address The Habits of Mind 
Benchmark 12D (Communication Skills): “Make sketches and 
diagrams to aid in explaining procedures and ideas.”

Project Goals
1. Learn about the exploration of Mars.

2. Explore the difficulties of remotely controlling a Mars rover 
and its robotic parts.

3. Explore how bones, joints, and muscles move the human arm.

4.  Design and sketch a robotic arm to use on Mars.

5. Evaluate the design based on student generated criteria.

Assessment Options
To assess students’ understanding of the human arm and its joints, 
use the Human Arm Movement Rubric after Session 3. As students 
sketch and refine their robotic arm designs in Sessions 5 and 6, 
use the Designing a Human System Rubric as a pre- and formative 
assessment. You may use it again after Session 7 as a final check of 
students’ understanding of humans’ ability to design technology 
that mimics body parts. The Planning and Sketching a Design: 
Checklist and Self-Assessment can be used after Session 7 to 
evaluate students’ design skills.
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Rubric: Human Arm Movement,
Rubric: Designing a Human System,
Checklist: Planning and Sketching  
a Design, Self-Assessment: Planning  
and Sketching a Design



 

 
           

 

            
        

  

 
          

           
    

        
         

         
          

   

          
       

            
           

  

            
          

  

materials

item Quantity notes
Classroom Supplies

Brads, brass 1 box To make joint models. (Session 3)

Chair 1 For hands station. (Session 3)

Hand tools (tweezers, scissors,  
pliers, etc.)

a few For hands station. (Session 3)

Hole punch, single hole 1 To make joint models. (Session 3)

Index cards, 3 x 5 10 To make joint models. (Session 3)

Objects, large (backpack, a book, etc) a few For hands station. (Session 3)

Objects, small 
(pebbles, pieces of clay, pushpins, etc)

Several For hands station. (Session 3)

Paper, blank, 8 ½ x 11 2 pieces  
per pair

To create drafts of robotic arm design.  
(Sessions 5 and 6)

Paper, drawing 2 pieces  
per pair

To create final copy of robotic arm design.  
(Session 6)

Paper, notebook 1 piece per pair To record peer feedback. (Session 7)

Paper cup, small 1 per pair To play robot game. (Session 2)

Pencil 1 per pair To play robot game. (Sessions 2) 
To make joint models. (Session 3)

Pencils, colored Several per pair To color robotic arm design. (Sessions 5 and 6)

Ruler 1 To make joint models. (Session 3)

Scissors 1 pair To make joint models. (Session 3)
For hands station. (Session 3)

Tape, clear 1 roll To make joint models. (Session 3)

Yarn, red 1 roll To make joints models. (Session 3)

Curriculum items

Visual: “Phoenix Mars Lander Images” (Session 1)

Teacher Master “Remote Control” (Session 2)

Teacher Master “Rover Commands” (Session 2)

Teacher Master “Rover Observations and Analysis” (Session 2)

Teacher Master “Setting Up the Human Arm Stations” (Session 3)

Teacher Master “Station 1: Ball-and-Socket Joint” (Session 3)

Teacher Master “Station 2: Pivot Joint” (Session 3)

Teacher Master “Station 3: Hinge Joint” (Session 3)

20 |   HUMAN SYSTEMS DESIGN PROJECT



 Preparation

Session 2
q Make a copy of the Teacher Master “Rover Commands” for 

each student.

q Make a copy of the Teacher Master “Remote Control” and the 
Teacher Master “Rover Observations and Analysis” for each 
pair of students.

Session 3
q Review the Teacher Master “Setting Up the Human Arm 

Stations” to find out what materials and setup are needed at 
each station during the exploration.

q Review the Teacher Masters “Station 1: Ball-and-Socket 
Joint,” “Station 2: Pivot Joint,” “Station 3: Hinge Joint,” 
“Station 4: Muscles Move Bones,” and “Station 5: Hands.” 
Place two copies of the teacher masters at their respective 
stations for the exploration.

q Read through the Teacher Masters “Making a Pivot Joint 
Model,” and “Making a Hinge Joint Model.” 

q Create two pivot joint models for “Station 2: Pivot Joint” and 
one pivot joint model with muscles attached for the “Station 4: 
Muscles Move Bones.”

q Create two hinge joint models for “Station 3: Hinge Joint,” and 
one hinge joint model with muscles attached for “Station 4: 
Muscles Move Bones.”

 NoTes
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Curriculum items (continued)

Teacher Master “Station 4: Muscles Move Bones” (Session 3)

Teacher Master “Station 5: Hands” (Session 3)

Teacher Master “Making a Pivot Joint Model” (Session 3)

Teacher Master “Making a Hinge Joint Model” (Session 3)

Teacher Master “Robotic Arm Primary Criteria” (Session 4)

Teacher Master “Example Primary Criteria” (Session 4)

Teacher Master “Robotic Arm Secondary Criteria” (Session 4)

Teacher Master “Example Secondary Criteria”  (Session 4)

Rubric: Human Arm Movement (optional)

Rubric: Designing a Human System (optional)

Checklist: Planning and Sketching a Design (optional)

Self–Assessment: Planning and Sketching a Design (optional)
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Session 4
q Make copies of the Teachers Masters “Robotic Arm Primary 

Criteria,” “Example Primary Criteria,” “Robotic Arm 
Secondary Criteria,” and “Example Secondary Criteria”  for 
each pair of students.

Vocabulary
ball-and-socket . . . . . A joint where bones can move in a circular
joint  motion. Ball-and-socket joints operate like 

most showerheads. Our hips and shoulders 
are examples of ball-and-socket joints.

evaporation  . . . . . . . . The process of matter changing into an 
invisible gas.

hinge joint . . . . . . . . . . A joint that lets bones swing back and 
forth like a door. Our knees, elbows, 
fingers, and toes are examples of body 
parts with hinge joints. These parts can 
bend and straighten.

joint  . . . . . . . . . . . . . . . . A point on the skeleton where two or 
more bones come together. Most joints, 
like our elbows, ankles, and knees, move 
a lot. Some, like those in our pelvis, move 
very little. A few, like those in an adult 
skull, don’t move at all.

ligaments . . . . . . . . . . . The tough, slightly stretchy, rope-like 
bands that hold most bones in place in a 
joint.

muscles . . . . . . . . . . . . . The stretchy, elastic structures in the body 
that have the special ability to contract 
(shorten). The contraction of muscles 
makes it possible for us to move our body 
parts.

NASA  . . . . . . . . . . . . . . . National Aeronautics and Space 
Administration. The United States 
government agency that explores space.

pivot joint  . . . . . . . . . . A joint where bones can turn from side to 
side—like an office swivel chair. We have 
pivot joints at our elbows, ankles, wrists, 
and backbones. Our heads also rest on a 
pivot joint—we can shake our head back 
and forth “No” because of this.

robot  . . . . . . . . . . . . . . . A machine or tool that completes a task on 
command.
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Session 3—The Human Arm

 Engage

Introductory Discussion
1. Remind the class about the two foci of this project: Looking 

at how humans explore Mars and designing a robotic arm to 
collect samples on Mars. 

2. Ask the class to share some thoughts on designing a robotic 
arm. How might a robot arm be like a human arm? What other 
kinds of things might a robotic arm do that a human arm 
cannot do? 

Teacher NoTe: These questions are intended to stimulate initial ideas. 
Don’t expect a lot of detail at this point.

 Explore

Human Arm Stations
Students visit five different stations to learn how the joints of the 
arm and hand work, and how muscles attach to bones to pull 
muscles. Circulate to each station and ask questions while the 
students work. (See the station descriptions, below, for suggested 
questions.) 

Teacher NoTe: Read through the Teacher Master “Setting Up the 
Human Arm Stations” to find out what materials are needed to set up 
each of the five stations.

1. Station 1: Ball-and-Socket Joint—Groups read through the 
Teacher Master “Station 1: Ball-and-Socket Joint.” Then 
they compare a model of a ball-and-socket joint to their own 
shoulder joint. As they do the activity, ask the following:

• What types of movements is this joint able to make? (It is 
very versatile. It can move left, right, up, down, and in circles.)

• What types of movements is this joint unable to make? (It 
cannot move so the arm rotates behind the back.)

Teacher Master 5

Teacher Master 6
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2. Station 2: Pivot Joint—After reading through the instructions 
on the Teacher Master “Station 2: Pivot Joint,” groups 
explore a pivot joint model as well as their own elbow joint. 
As they do the activity, have them focus on the following 
questions:

• Where is the rotation in this joint happening? (In the elbow.)

• Can you rotate your hand when you pin your forearm 
down with you other hand? (No.) Why not? (Because the 
joint rotates at the elbow not at the wrist.)

3. Station 3: Hinge Joint—Groups read through the Teacher 
Master “Station 3: Hinge Joint.” Then they play with a model 
of a hinge joint and compare it to how their own elbow bends. 
They also do simple activities with an ellipsoid joint (their 
wrists) and a saddle joint (their thumbs). As students work, 
help them to realize the following:

• The hinge joint at the elbow is the strongest of the three, 
but also has the least range of motion.

• Modifications of the hinge joint give both the thumb and 
wrist wider ranges of motion than the elbow, but less 
lifting strength.

• In a robotic arm, therefore, there are trade-offs to consider. 
These modified hinge joints will allow for greater precision, 
but they are more difficult to design, may break more 
easily, and can lift less weight. 

4. Station 4: Muscles Move Bones—Students read through 
the Teacher Master “Station 4: Muscles Move Bones.” They 
explore models of a hinge joint and a pivot joint that have 
model muscles (yarn) to move hinged bones. As they explore 
the models, ask the following questions:

• How do the “muscles” move the “bones?” (The muscles 
always pull on bones to move them; they cannot push on 
bones.)

• How do muscles work together to move bones? (Muscles 
work in pairs. One muscle pulls a bone in one direction. 
Another muscle pulls the bone back in the opposite direction.)

   Teacher Masters 7-9



5. Station 5: Hands—Groups read through the Teacher Master 
“Station 5: Hands.” They explore pinching with their thumb 
and forefinger. They also explore grabbing and gripping with 
their hands and fingers. As they do the activities, ask the 
following:

• What are some tasks you do where pinching is useful? 
(Picking up small objects, tightening screws, using zippers, 
using small tools like tweezers, push pins, straight pins, etc.)

• What are some tasks you do where grabbing is useful? 
(Picking up many different objects, holding the straps of a bag 
or backpack, using tools like scissors, pliers, or a broom.) 

• What are some tasks you do where gripping is useful? 
(Picking up larger objects, holding on to monkey bars or 
swings, holding on to a shovel while digging.) 

• What are some other ways you use your hands to do tasks? 
(Poking holes into dirt or soft materials, feeling the texture of 
materials, feeling how hot or cold something is, etc.)

Teacher NoTe: If there is not enough time for the class to circulate 
through each station during this session, schedule another session to 
complete the exploration and the reflective discussion. 

 reflect and Discuss

Sharing and Synthesizing
1. Discuss the importance of having different types of joints in 

the human arm in order for it to function well. Make sure to 
develop the following ideas:

• Ball-and-socket joints, such as those in the shoulder, are 
capable of broad, wide ranging movements. (i.e., left, right, 
up, down, circular movements, etc.)

• Pivot joints, such as those in the elbows, are capable of 
twisting in one direction and then another.

• Hinge joints, such as those in the elbows and fingers, are 
capable of up and down motions. They give strong lifting 
power, and when several are combined (like the fingers), 
are good for gripping. 

• Other joints, such as ellipsoid joints in the wrists and saddle 
joints in thumbs, allow for greater range of motion, but less 
strength.
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Big idea

We can meet a need by 
designing technologies that 
mimic human or animal 
muscular skeletal systems.
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2. Develop the concept of the importance of joints, bones, and 
muscles to our movement by addressing the following:

• Joints connect bones and allow for different types of 
movements.

• Muscles are required to move bones. Muscles can only pull 
to move bones. They cannot push.



Session 4—Designing robotic Arms

 Engage

Introductory Discussion 
1. Explain that today students will apply what they have learned 

about Mars exploration and the function of joints, bones, and 
muscles in the human arm to design a robotic arm for scientific 
research on Mars.

2. Briefly review the following steps of the design project with the 
class:

a. Students work with a partner and begin by brainstorming 
the purpose of the robotic arm. They think about what task 
they want to accomplish on the Martian surface.

b. Partners write “criteria” for the robotic arm based on what 
they want it to accomplish.

c. They create a rough, labeled sketch of the robotic arm.

d. After reviewing the sketch themselves, with you, and with 
the class, they revise their design.

e. When ready, they draw a final version of the design and 
present it to the class.

 Explore

Developing Primary Design Criteria
1. Briefly discuss the evolutionary nature of the design process 

with the class. Point out the following:

• A first design is the beginning of the process. Designers 
often make changes along the way as they develop their 
ideas.

• Designers may end up building something that is 
completely different from their original idea. 

• Designers may experience frustration as they try to make 
an idea work. This is a natural part of the design process.
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2. Write the following questions on the board:

• What are you trying to find out about Mars?

• What is the task of the robotic arm?

• How does the robotic arm do this task?

3. Have the partners brainstorm ideas for designs based on the 
above questions. Encourage them to record ideas in words 
or rough sketches. Circulate and ask some of the following 
questions to help guide student thinking:

• What is it about Mars that interests you most?

• What would you like to know about Mars?

• Will the arm need to dig deep into the soil or just scrape 
the surface?

• Will it need to pick up heavy objects? Light objects? Large 
objects? Small objects?

• Will it need to drill down into the ground? 

• Will it need to measure temperature? 

• Will it need to measure weight?

• Will it need to measure distance?

• Will it move to many places? Or will it be stationary?

4. After students have had time to develop their ideas, hand 
each pair a copy of Teacher Master “Robotic Arm Primary 
Criteria.” The partners create the primary criteria for their arm 
by answering the questions on the teacher master.

5.  Encourage the students to be as detailed as possible when 
creating their criteria. In preparation, hand out a Teacher 
Master “Example Primary Criteria” to each pair and go over 
the examples of weak and strong criteria for each question.

Teacher Master 16

Teacher Master 17



Developing Secondary Design Criteria
1. When partners have completed their primary criteria, hand out 

a Teacher Master “Robotic Arm Secondary Criteria” to each 
pair. Explain that each pair should create secondary criteria for 
their robotic arm by answering these questions on the teacher 
master:

• How is the robot controlled from Earth?

• How will the robot arm cope with unexpected problems 
on Mars like cold temperatures, sandstorms, getting stuck, 
etc? 

2. Help the partners answer the questions by discussing the 
following:

• What are some ways to control the robot from Earth? 
(Radio signals, computer programs.)

• What types of unexpected problems might the robot 
encounter? (Severe cold temperatures, sandstorms, 
equipment failure, power failure, getting stuck, etc.)

• What are some ways to cope with the unexpected 
problems? (Use materials that can withstand low 
temperatures, shield joints from windblown sand, have extra 
joints and arms available in case of equipment failure, have 
backup power generators and backup computers, thoroughly 
test the equipment before sending it to Mars, etc.)

3. Students should be as detailed as possible when creating the 
secondary criteria. Hand out a Teacher Master “Example 
Secondary Criteria” to each pair and go over the examples of 
weak and strong criteria for the questions.

 reflect and Discuss

Sharing
1. Encourage partners to share their primary and secondary 

criteria with the class. If any partners are having difficulty 
developing the criteria, give them the opportunity to get 
feedback from you and the rest of the class by sharing their 
problems and questions.

2. Explain that they will sketch a first draft of their robotic arms 
during the next session.

 NoTes
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Human Systems: Assessment 1Rubric: Human Arm Movement

Rubric: Human Arm Movement

Criterion A Criterion B

Joints enable movement of bones in 
the human arm. There are several 
types of joints in the arm. 

Each type of joint in the human arm 
functions differently.

4 - Exceeds 
Expectations

Understands at a secure level (see box 
below) and is able to identify these 
different types of joints in other parts 
of the body.

Understands at a secure level (see box 
below) and can extend this knowledge 
to other parts of the body. 

Explores content 
beyond the level 
presented in the 
lessons.

3 - Secure
(Meets 
Expectations)

Can locate the various types of joints 
in the human arm.

Can describe how each type of joint 
functions.

Understands 
content at the 
level presented 
in the lessons and 
does not exhibit 
misconceptions.

2 - Developing
(Approaches 
Expectations)

Can locate some but not all of the 
types of joints in the human arm.

Knows that, in general, joints function 
differently, but is unable to describe 
how they function.

Shows an 
increasing 
competency with 
lesson content.

1 - Beginning Is unable to locate any of the types of 
joints in the human arm.

Doesn’t know that the joints function 
differently.

Has no previous 
knowledge of 
lesson content.



Human Systems: Assessment 2Rubric: Designing a Human System

Rubric: Designing a Human System

Criterion A Criterion B

People design technologies that 
mimic the human muscular skeletal 
system in order to meet a need. 

A variety of limitations affect the 
ultimate design of technologies. 

4 - Exceeds 
Expectations

Understands at a secure level (see 
box below) and describes how 
various technologies mimic human 
capabilities.

Understands at a secure level (see box 
below) and can point out limitations 
of different technologies. 

Explores content 
beyond the level 
presented in the 
lessons.

3 - Secure
(Meets 
Expectations)

Can design an example of a technology 
that mimics a human muscular 
skeletal system to meet a need.

Takes into account a variety of 
limitations in a technological design. 

Understands 
content at the 
level presented 
in the lessons and 
does not exhibit 
misconceptions.

2 - Developing
(Approaches 
Expectations)

Can design an example of a technology 
to meet a need, but is unable to 
describe how the technology mimics a 
human muscular skeletal system.

Knows that a variety of limitations 
affect the design of technologies, but 
is unable to apply that knowledge to 
their own design.

Shows an 
increasing 
competency with 
lesson content.

1 - Beginning Is unable to design an example of 
a technology that mimics a human 
muscular skeletal system.

Doesn’t know that limitations affect 
the design of technologies.

Has no previous 
knowledge of 
lesson content.



Setting Up the Human Arm Stations (Session 3)                                                                      

Name:      Date:  

Human Systems Teacher Master 5

Setting Up the Human Arm Stations 

Station Materials

1 . Ball-and-Socket Joint • Place two copies of the Teacher Master “Station 1:  
Ball-and-Socket Joint” at this station .

• No other materials are needed for this station .

2 . Pivot Joint • Create two models of the pivot joint for this station . 
See the Teacher Master “Making a Pivot Joint Model” 
(pages 1 and 2, Teacher Masters 11 and 12) for 
directions .

• Place two copies of the Teacher Master “Station 2: Pivot 
Joint” at this station .

3 . Hinge Joint • Create two models of the hinge joint for this station . 
See the Teacher Master “Making a Hinge Joint Model” 
(page 1, Teacher Master 14) for directions .

• Place two copies of the Teacher Master “Station 3: 
Hinge Joint” at this station .

4 . Muscles Move Bones • Create one model of a pivot joint with muscles 
attached for this station . See the Teacher Master 
“Making a Pivot Joint Model” (page 3, Teacher Master 
13) for directions to add muscles to the pivot joint .

• Create one model of a hinge joint with muscles 
attached for this station . See the Teacher Master 
“Making a Hinge Joint Model” (page 2, Teacher Master 
15) for directions to add muscles to the hinge joint .

• Place two copies of the Teacher Master “Station 4: 
Muscles Move Bones” at this station .

5 . Hands • For Pinching: small objects (e .g ., pebbles, pieces of 
clay, pushpins, etc .), hand tool such as tweezers

• For Grabbing: large objects (e .g ., a backpack, a book, 
etc), hand tools such as scissors and pliers

• For Gripping: chair
• Place two copies of the Teacher Master “Station 5: 

Hands” at this station .



Human Systems Teacher Master 6Station 1: Ball-and-Socket Joint (Session 3)

Station 1: Ball-and-Socket Joint

Human example: Where the arm attaches to shoulder .

Making a joint model:

1 . Make a fist with one hand .

2 . Cup the fist with the other hand .

3 . Rotate your fist in different directions inside the cupped hand .

Using your own arm: Move your arm from the shoulder to explore the different 
directions your arm can move .

1 .  Stand still and face the front of the classroom .

2 . Extend your right arm out in front of you, with your hand facing down .

3 . Rotate your arm up so your fingers point to the ceiling .

4 . Rotate your arm down so your fingers point to the floor .

5 . Bring your arm back to its original position .

6 . Move your arm to the right as far as you can .

7 . Move your arm to the left as far as you can .

8 . Bring your arm back to its original position .

9 . Rotate your arm in small circles .

10 . Rotate your arm in large circles .

11 . Explore different ways your arm can move within the shoulder joint .

Use in robots: The ball-and-socket joint allows a robot body to stay still while the 
arm reaches up, down, left, right, around, over, under, etc .



Human Systems Teacher Master 7Station 2: Pivot Joint (Session 3) 

Station 2: Pivot Joint

Human example: Elbow (Note: the elbow is both a pivot joint and a hinge joint .)

Using the joint model: Rotate the strip of cardboard partway around the pencil . 
Then rotate it back .

Using your own arm: Move forearm on desktop

1 . Place your right forearm on your desktop .

2 . Rotate your hand palm up, then palm down, then palm up, etc .

3 . Use your left hand to feel how the bones are moving in your forearm while 
rotating your hand .

4 . Think about where the rotation is happening .

5 . Now pin your right forearm down with your left hand .

6 . Try to rotate your hand again .

Use in robots: The pivot joint allows a robot arm to flip over or scoop sideways .



Human Systems Teacher Master 8Station 3: Hinge Joint (Session 3)

Station 3: Hinge Joint

Human example 1: The elbow and the knuckles of each finger are variations of the 
basic hinge joint . (Note: the elbow is both a pivot joint and a hinge joint .)

Using the joint model: Move the cardboard strips attached with brass brads back 
and forth .

Using your own arm: 

• Bend your arm at the elbow .
• Bend a finger at the knuckle . 

Use in robots: The hinge joint gives good, strong lifting power . When several are 
added together, like in fingers, they are good for gripping .

Human example 2: Wrist (ellipsoid joint, another kind of hinge joint)

Using your own arm: 

• Move wrist up and down, then left and right .

Human example 3: Thumb (saddle joint, like a loose hinge joint)

Using your own arm: 

• Move thumb back and forth and rotate it around in circles . 

Use in robots: The ellipsoid joint and the saddle joint allow for greater range of 
motion than a simple hinge joint, but less lifting strength . They are more difficult to 
design, may break more easily, but may allow more precision . 

Note: You don’t need to memorize the names of different hinge joints . Just think 
about how different joints allow different movements .



Human Systems Teacher Master 9Station 4: Muscles Move Bones (Session 3) 

Station 4: Muscles Move Bones
 
Human example: Every joint is held together by ligaments . The bones that meet at 
the joint are moved by pairs of muscles .

Using Model 1: Pivot joint model

1 . Move the “bone” in one direction by pulling a “muscle” (piece of yarn) .

2 . Move the “bone” in the other direction by pulling the other “muscle” (yarn) .

3 . Note that muscles never PUSH . They only PULL . It is not possible to move the 
“bone” by pushing on a “muscle” (yarn) .

4 . Also note that muscles work in pairs to move a bone back and forth .

Using Model 2: Hinge joint model

1 . Move the “bone” in one direction by pulling a “muscle” (piece of yarn) .

2 . Move the “bone” in the other direction by pulling the other “muscle” (yarn) .

3 . Note that muscles never PUSH . They only PULL . It is not possible to move the 
“bone” by pushing on a “muscle” (yarn) .

4 . Also note that muscles work in pairs to move a bone back and forth .

Use in robots: For robot arms to work, they must be equipped with something like 
muscles that can move the robot’s “bones” back and forth as the robot works . Note 
that muscles never PUSH . They only PULL . Muscles work in pairs to move a bone 
back and forth .
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Station 5: Hands
 
Human example: Human hands are able to pinch, grab, grip, scoop, push, lightly 
touch, etc . Human hands can also use different kinds of tools .

Using your own hand to pinch: 

• Explore pinching by using your thumb and forefinger to pick up a variety of 
small objects .

• Think: What other things do you do using your thumb and finger to pinch?

Using your own hand to grab and grip:

• Explore grabbing by using all five fingers to pick up a variety of larger objects .
• Explore gripping by using your hands to hold on tightly to the legs of a chair 

while picking it up .
• Think: What other things do you do that use your whole hand? What tools 

can you use to do things your hands can’t do alone?

Use in robots: Pinching, grabbing, gripping, digging, drilling, “feeling” (sensors on 
hands to measure temperature, pressure, etc .) . Other, non-hand attachments, like 
hammers, crab-claws, and magnets can be used at the end of robot arms .
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Making a Pivot Joint Model

Materials:
• Index card, 3 x 5
• Pencil
• Hole punch, single hole
• Scissors
• Tape, clear
• 2 pieces red yarn, 30 cm (1 ft) in length

Directions to Create Joint:
1 . Cut a 1½ cm (about ¾ in) wide “bone” from the index card and punch a hole 

near one end of the bone .

2 . Place the hole of the paper “bone” on top of a sharpened pencil “bone .” Tape 
the sharpened end of the pencil bone so the paper bone will not fall off .
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Making a Pivot Joint Model

3 . Rotate the paper bone back and forth around the pencil bone to simulate a 
pivot joint . 
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Making a Pivot Joint Model

Directions to Add and Use Muscles:
1 . Tape the “muscles” (pieces of yarn) near the middle of the bone so the 

unattached ends trail in opposite directions . 

2 . Pull one “muscle” (yarn) to make the pencil bone pivot in one direction . Pull the 
other “muscle” (yarn) to make the bone pivot back in the other direction .
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Making a Hinge Joint Model

Materials:
• Index card, 3 x 5
• Pencil
• Ruler
• Brad
• Scissors
• Tape, clear
• 2 pieces red yarn, 30 cm (1 ft) in length

Directions to Create Joint:
1 . Use a ruler to draw a line from one corner of the index card to a point about 4½ 

cm (1¾ in) from the opposite corner . Then cut the index card along the line .

2 . Arrange the “upper arm bone” (trapezoid piece) and the “forearm bone” 
(triangular piece) into a large triangle . Then poke a hole through the pieces and 
attach them with the brad .



Human Systems Teacher Master 15Making Hinge Joint Model (Session 2), page 2 of 2 

Making a Hinge Joint Model

Directions to Add and Use Muscles:
1 . Tape the “muscles” (pieces of yarn) near the middle of the forearm so the trailing 

ends are in opposite directions . 

2 . Alternately bend and straighten the hinge joint model at the “elbow” by pulling 
on one “muscle” (yarn) and pulling back with the other “muscle” (yarn) .



Robotic Arm Primary Criteria (Session 4)

Name:      Date:  
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Robotic Arm Primary Criteria

Create the primary criteria for your robotic arm by answering the following 
questions:

1 . What are you trying to find out about Mars?

2 . What is the task of the robotic arm?

3 . How does the robotic arm do this task?
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Example Primary Criteria 

Question Weak Criteria Strong Criteria

What are you trying to 
find out about Mars?

We want to find out where 
the rocks are .

We want to search in 10 
different places to see if 
there are any rocks at least 
1 m below the surface .

What is the task of the 
robotic arm?

To dig . To dig holes in the sand at 
least 1 m deep .

How does the robotic arm 
do this task?

With a shovel . With a shovel attached 
to a hinge joint on the 
robot’s arm .



Robotic Arm Secondary Criteria (Session 4)
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Robotic Arm Secondary Criteria

Create the secondary criteria for your robotic arm by answering the following 
questions:

1 . How is the robot controlled from Earth?

2 . How will the robotic arm cope with unexpected problems on Mars?
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Example Secondary Criteria  

Question Weak Criteria Strong Criteria

How is the robot 
controlled from Earth?

By scientists . Scientists send radio 
signals to the robot to tell 
it what to do . When the 
robot receives a signal it 
carries out that command . 

How will your robot 
cope with unexpected 
problems on Mars?

We don’t expect any 
problems .

We have designed 
special joints that work 
well in high and low 
temperature . The joints 
are also protected from 
dust and sand . We have 
extra joints available in 
case any of them break . If 
the power system breaks 
down, we have another 
one available to use . 
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Collecting and Examining Life
From collecting animal tracks to 
dissecting flowers, children deepen 
their understanding of what makes 
something alive as well as exploring 
the similarities and differences among 

living things.
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ce Weather

One day students learn to use a 
thermometer to record temperature, 
another day they measure rainfall 
or investigate the nature of ice. 
Throughout the year, students use 

their senses as well as scientific tools to discover that 
weather is a dynamic part of nature.
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Solids, Liquids, and Gases
While deciding what makes a solid a 
solid, watching water disappear from 
an open cup, or comparing various 
liquids, children find the value in asking 
questions and probing the world 

around them for meaningful answers.Ph
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Motion
Through activities that engage 
children’s bodies and minds, children 
move their own bodies in various ways 
to learn about motion, as well as build 
ramps, roll toy cars, drop and crash 

marbles, slide pennies and shoes, and even fly paper 
airplanes.
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Rainbows, Color, and Light
Through experiments with prisms, 
mirrors, bubbles, water, sunlight, and 
flashlights, children bring rainbow 
effects into their classroom and onto 
the playground. They also mix colors to 

observe that colored light produces different results 
than mixing pigmented paints, dough, or water.
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From making a collage of the leaves 
and seeds they find to constructing a 
lever from rocks and wood, children are 
introduced to the wonders of science 
and scientific exploration. Contains 7 

studies in one book: Growing and Changing; Class Pet; 
Collections from Nature; Constructions; Dirt, Sand and 
Water; Sky and Weather; and My Body.
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Rocks
One day children examine fossils, 
another day they might test minerals. 
As children collect, examine, describe, 
and experiment with rocks, minerals 
and fossils, they hone their observation 

skills and begin to unravel the puzzle of what rocks are 
and how they are formed.
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Magnets
From testing what sort of everyday 
objects are attracted to magnets to 
comparing the strength of different 
magnets, children deepen their 
observation skills while learning about 

the nature of magnets.Ph
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Life Cycles
From watching a pea sprout to feeding 
apples to butterflies, children closely 
study four organisms, including 
humans, to observe the remarkable 
growth and change that living things 

experience during their life spans.
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Soils
From closely observing soil components 
and their properties to discovering the 
importance of earthworms, children 
use their senses of sight, smell, and 
touch to explore the wonders of soil.Ea
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PreK-6 Inquiry Science Curriculum
Inspiring students to explore their world.

888.352.0660
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Habitats
From going on a nature walk to 
dissecting owl pellets, children are 
asked to think about how organisms 
(plants, animals, fungi, and microscopic 
living things) survive in the places they 

live, and how they interact with other living things.

Li
fe

 S
ci

en
ce

Light
Whether watching light “bend” a 
pencil in water or building a periscope, 
the combination of hands-on, multi-
sensory learning enables children 
to understand what light is, how it 

behaves, and why it makes sight possible.Ph
ys

ic
al

 S
ci

en
ce

Electrical Circuits
Whether exploring static charges, 
figuring out how to get a light bulb 
to light, or testing the conductivity of 
everyday objects, students experience 
firsthand the excitement of electricity 

and scientific discovery.Ph
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One day children chart the moon’s 
cycles, another day they might make a 
scale model of our solar system. By 
observing the world around them, they 
address questions such as “Why are 

there seasons?” and “Why does the moon appear to 
change shape?”
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Nature’s Recyclers
By watching composting worms create 
soil, to modeling the nutrient cycle, 
students have the opportunity to 
investigate the organisms that carry 
out the process of decomposition and 

recycle nutrients in an ecosystem.
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Watery Earth 
Whether following a drop of water 
through the water cycle, measuring 
their own water usage, or exploring 
how filters clean dirty water, students 
are encouraged to use what they learn 

to have a positive impact on water resources.
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Matter
With challenges like exploring what 
they can learn about an unknown 
substance called “Whatzit,” students 
experience the excitement of scientific 
discovery and gain an appreciation of 

the scientific method used by professional scientists.Ph
ys

ic
al

 S
ci

en
ce

Earth’s Changing Surface
From building river models that explore 
erosion and deposition to touring the 
school grounds looking for evidence of 
the earth’s changing surface, students 
use hands-on investigations to discover 

the dynamic nature of the earth’s surface.
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Human Body in Motion
By modeling how muscles move bones, 
testing reflexes, and measuring the 
effects of exercise on breathing and 
heart rate, students begin to appreciate 
the interactions between body parts 

and recognize the importance of protecting them by 
making healthy choices.
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Energy
Whether testing the efficiency of light 
bulbs, exploring heat conduction, 
or designing an imaginary invention 
demonstrating the transfer of energy, 
students discover that energy is at the 

root of all change occurring in the world around them.Ph
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Force and Motion
By demonstrating and explaining 
ways that forces cause actions and 
reactions, as well as gaining a deeper 
understanding of basic forces such as 
friction and gravity, students discover 

the many ways that forces affect the motion of objects 
around them.
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Design Projects
Animal Homes, Human Tools, Simple 
Machines, Moving Systems, Electrical 
Circuits, Human Systems. 
The design project series was 
developed to support compatible 

modules by allowing students to design and/or build 
animal homes, tools, machines, and designs of their 
own creation. Taking between 4-6 sessions, the 
projects strengthen skills and ideas about choosing 
materials, using tools, working with the limitations of 
materials, solving problems, and overall project design.
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Science Skill Builders
With 21 lessons spanning the breadth 
and depth of science skills, students 
develop a core understanding of using 
tools in science, scientific testing, 
observation skills, and the importance 

of analysis and conclusions.
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Program Features FOSS Science Companion STC

Prepares students to do 
inquiry-based science

Lesson O introduces students to 
the scientific method through the 
“I Wonder” Circle

Hardback, colorful, content-rich 
student reference materials for 
upper elementary students

Student Reference Books

Bound student science notebooks 
to foster student literacy and 
reading skills P The original Student Science 

Notebooks

Parallels in instructional design to 
Everyday Mathematics®

Developed by the creators of 
Everyday Mathematics®

Variety of assessment strategies P Teacher-friendly formative and 
summative assessment strategies P

A variety of pilot options to fit the 
interests and needs of districts

Several no-cost pilot options, 
including an innovative online pilot 
program

Correlations to local and state 
science standards

Correlated to state standards with 
customized local standard 
correlations available upon request

Teacher must gather minimal 
teacher supplied items P ExploraGear and Supplemental 

Classroom Supplies available P
Early Childhood activity-based 
modules available (K Only)

Modules developed specifically 
for PreK-K available

Unique content offered to meet 
standards

Light and Rainbows, Color, and 
Light modules available

Children develop science habits of 
mind in addition to content 
knowledge

“I Wonder” Circle integrates 
modules as tool for student 
reflection

Engaging activities nourish 
children’s curiosity P Engaging, hands-on activities 

focused on Big Ideas P
Supports teachers in reaching 
Big Ideas

Reflective  Discussions help 
children integrate their experience 
and build science knowledge

Full curriculum available digitally
Hyperlinked teacher materials 
(iTLM’s) & digital student materials 
build affordable access

P

P

P

P
P
P

P
P
P
P
P
P
P

P
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A New Way to Pilot...

www.sciencecompanion.com

An Innovative Free Online Pilot Program!
We know that both time and financial resources are limited for 
school districts these days. 

So, we are delighted to introduce an exciting new digital opportunity 
for you to try Science Companion materials at no cost, at a scale that 
is easily manageable.  And it’s high tech, too!

Come to our Online Pilot Website and find:
• Sample lessons from eight of our modules.
• Conversation and support from content and teaching experts.
• Free digital teacher materials and student resources.
• Directions on how  to order  ‘lending library’ for kit materials.
• A pilot that will give you a rich taste of inquiry science but re-

quires no more than a handful of classroom sessions.

“I think this is an awesome resource for doing science.” 
Field Test Teacher

There are a limited number of online pilots available, 
so contact us now to  find out how you can 

explore Science Companion at your pace, for free.

(And, of course, we have traditional pilots available too. Just ask!)

888-352-0660 
pilot@sciencecompanion.com



Succeed with Science Companion

The spirit of inquiry.  An invitation to curiosity.  The tools for success.

Inquiry-based learning in science is exciting, effective, 
and evocative. It also can be challenging. 

We can help you take the mystery out of inquiry!

Philosophy
A half-day session introducing the methodology, 
pedagogy, and best practices of Science Companion.

Implementation
Building from specific modules your district is using, 
a hands-on exploration of how to best implement 
Science Companion in your classrooms.

Assessment and Science 
Formative and summative assessment can work together 
to strengthen teaching and test scores!

Coming from Everyday Math 
Science Companion was developed by the same research-
ers who developed Everyday Mathematics, and many of 
the same pedagogical tools are used. Making the jump to 
Science Companion is easy!

Train the Trainers
Build a community of Science Companion experts in your 
district or intermediate unit.

It’s in the Bag! 
Fully customizable workshops to meet your needs.  Contact us to 
learn how we can best help you!

Designed by  the 
University of Chicago’s 
Center for Elementary 

Math & Science 
Education.

Participants
Teachers and administrators
in districts using Science 
Companion.

Length
Mix and Match to your needs 
to build a half day or full day 
session.

Continuing Education 
CEU’s available, please ask us 
about we can work with you to 
arrange credits.

Cost
Ask your rep for more 
information!

Professional Development
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Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & Sequence

Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & SequenceGet a Custom Scope & Sequence

Get a Full Curriculum Sample

Check out a Pilot Program

Get a Custom Scope & Sequence

Phone/Fax: 888-352-0660

8400 Woodbriar Drive
Sarasota, FL 34238

info@sciencecompanion.com
www.sciencecompanion.com

Find your Sales Rep

info@sciencecompanion.com
www.sciencecompanion.com
info@sciencecompanion.cominfo@sciencecompanion.com

Click either link

for more 

infomation!

The spirit of inquiry.  An invitation into curiosity.      The tools for success.
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