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Science As a Verb—STEMS in Action (Grades 5 - 6) 
 
What Does STEM Instruction Look Like? 
 STEM instruction is an integrated/interrelated model that bridges Science, 
Technology, Engineering, and Mathematics.  Through design and problem/project-
based learning situations, students begin to weave their understanding of STEM into an 
interrelated use of skills rather than four discrete subjects.  As a result concepts once 
solely taught in isolation are made relevant and tangible through students' application of 
these interdisciplinary skills. 
 
Here are the four basic elements for crafting a STEM lesson: 
• Question/Problem Posed—Real-world problems/questions are posed to students. 
• Inquiry-Based Lesson—Students "conduct original research" through inquiry-based 

and inspired lessons to test, gather, and analyze data. 
• Collaborative Learning—Students work collaboratively to re-design and improve 

potential solutions. 
•  Findings Communicated—Solutions and findings are communicated to  peer 
 communities 
 
What is STEAM?  
 STEAM is the same acronym as STEM, except the “A” refers to the arts. The 
STEAM movement aims to place a significant importance on including arts education 
into the classroom curriculum. Each discipline is not isolated, but integrated, in order to 
support deeper understanding and interest. STEAM education allows for more creativity 
through artistic expression, and is constantly needed in order to promote innovation and 
intellectual risk. Researchers cite the fact that students are interested in the media and 
arts for justification of STEAM in schools.  
 

 
Safety in the Science Classroom 

Rules of the Laboratory 
• Listen to and read all directions. 
• Never eat or drink anything during lab. 
• Wear safety goggles when directed. 
• Report any breakage, chemical spills, or other 
 accidents immediately  
 to the teacher. 
• Obtain permission from the teacher before performing 
 experiments  
 you have modified or designed. 
• Wash hands thoroughly at the end of the lab. 
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Tips for Creating STEM (or STEAM) Lessons 
by Anne Jolly 

 
First, you can always search out STEM curriculum that’s 
already been developed. A lot of good lessons appear online at 
sites such as eGFI, Try Engineering, and Teach Engineering. But 
be watchful! Not everything that is called a STEM lesson actually 
involves engineering. Some are just good science experiments. 
 
So how do you know if it’s a STEM lesson? STEM is a type of 
project-based learning that focuses on real-world problems. 
Students explore and apply science and math knowledge using the 
engineering design process (more on that below). Students use 
what they learn in math and science to create a technology or a 
solution for a problem. Technology, by the way, is anything created 
to meet a human want or need. A chair is technology. A pencil is technology. A Pez 
dispenser is technology! 
 
One example, to clarify: 
Suppose: You ask student teams to build clay barriers in a piece of guttering and 
conduct a controlled experiment to determine the effect of shape, size, and number of 
barriers on the flow rate of water. They’ve just conducted a good science/math 
experiment. Then: If teams use that information to design and construct a system of 
barriers in a model streambed (the gutter) to try to slow down the rate at which water 
dumps sediment into the watershed (a bucket), that’s an engineering challenge. See the 
difference? STEM lessons focus on using science, math, and technology to solve a 
problem. If you want to do a STEM lesson, be sure you have the E in STEM – the 
engineering approach. 
 
Second, you can write and implement STEM lessons, even without collaboration 
with other teachers.  
A few helpful hints: 
• Stay on track with your course of study and pacing guides by checking out the math 
 and science objectives for the quarter you plan to use the STEM lesson/unit. Try 
 to incorporate some of these objectives. In the lesson example above, math 
 objectives included rate and unit rate, and science objectives included 
 environmental pollution. A savvy teacher, looking to help kids make connections, 
 could build a strong math STEM activity around a science topic students are 
 studying. 
• Plan for students to work in teams, and give them good strategies for doing that 
 successfully.  
• Get your students engaged with hands-on activities. Imagine those student teams in 
 their math classroom, pouring water down guttering to measure flow rate with 
 and without barriers. Brave math teachers, indeed! And highly engaged students 
 as well. 
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• Use an engineering design process to organize your lesson. The description of the   
 ones listed below. (Keep in mind that this is not a linear process – engineers 
 frequently jump back and forth between steps.) 
• Identify the problem or need 
• Do background research 
• Generate alternative solutions 
• Choose the best solution 
• Create a model or prototype 
• Test and evaluate 
• Redesign 

 
Ann Jolly writes regularly about STEM in her recurring column for Middleweb 
http://www.middleweb.com/ 
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Quick Frozen Critters  
(Source: Project Wild) 

 
 Escaping from predators is certainly an important aspect of survival in the 
wild.  But if an animal spent all its time hiding, it would starve to death!  
Regardless of the danger, animals do have to spend part of their day looking for 
food – and keeping a sharp eye out for predators at the same time!  Besides 
being quiet and well camouflaged, animals use many strategies to escape their 
predators - including hiding, calling a warning to others, fighting their attacker, or 
freezing in place. This game will illustrate the challenge of searching for food in a 
dangerous world, and how effective some of these different strategies can be. 
 
 Mark the play area boundaries using the four pylons.  Divide the campers 
into two groups – rabbits and foxes.  There should be one fox for every six 
rabbits.  Give each fox one of the scarves that are all the same colour; have them 
tie these around their upper arm to mark them as predators.  Give each of the 
rabbits one of the remaining scarves; have them tuck these into their back 
pockets to represent their life.  Line up all the rabbits at one end of the playing 
area.  At the other end of the field, scatter the beanbags and other tokens.  
These are food items.  In the middle of the playing area, scatter the six hula-
hoops.  These are temporary hiding spots that the rabbits can use.  The foxes 
begin the game ranged throughout the playing area.  They may not enter the 
hula-hoops, nor can they guard them. 
 
 In order to survive, each rabbit must collect three food tokens.  However, 
they can only take one token from the other end of the playing field at a time, and 
make it back to their starting point before returning for a second or a third.  The 
foxes need tag two rabbits and collect their scarves in order to survive.  “Dead” 
rabbits sit on the sidelines until the end of the round.  In order to cross the 
playing area to get to their food supply, the rabbits will have to be crafty!  There 
are two ways they can avoid being tagged by the foxes.  They can “freeze” (they 
must stand as still as possible); the foxes cannot “see” frozen rabbits and must 
ignore their presence (e.g., no guarding frozen rabbits!).  Rabbits can also jump 
into the hula-hoop in order to avoid being tagged – but only one rabbit per hoop 
at any one time!  Each round of the game lasts 5 minutes.  This will help 
encourage timid rabbits to come out of their hiding places in search of food… 
because if they don’t have enough at the end of the round they’re dead! 
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Quick Frozen Critters 
 

 
 
 

1. Briefly explain what your experience was during the game. 
 
 
 
 
 
 

2. How did you escape capture while you were prey? Place a star by 
those ways which were the most effective 

 
 
 
 
 
 

3. When you were a predator, what ways did you use to catch prey 
which were successful? If you  were not a predator, tell what you 
THINK might work. 

 
 
 
 
 

4. How are adaptations important to both predators and prey? 
 
 
 
 
 

5. What did you learn about predator/prey relationships? 
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Materials: 
 

Making Conducting Dough 
 
Materials: 
1 cup Water ���1 1/2 cups Flour 
 (A gluten free version of this dough can be made by replacing the flour with 
gluten-free  flour.)   
1/4 cup Salt ���3 Tbsp. Cream of Tartar* ��� 
1 Tbsp. Vegetable Oil ��� 
Food Coloring (optional) 
*9Tbsp. of Lemon Juice may be Substituted 
  

Procedure: 
1. Mix water, 1cup of flour, salt, cream of tartar, vegetable oil, and 
 food coloring in a medium sized pot. 
2. Cook over medium heat and stir continuously. 
3. The mixture will begin to boil and start to get chunky. 
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4. Keep stirring the mixture until it forms a ball in the center of the pot. 
 
 
5. Once a ball forms, place the ball on a lightly floured  surface. 
WARNING: The ball will be very hot. We suggest flattening it out 
and letting it cool for a couple minutes before handling. 
 

 
6. Slowly knead the remaining flour into the ball until you’ve reached  a desired 
consistency. 

 
 
7. Store in an airtight container or plastic bag. While  in the 
bag, water from the doug h will create  condensation. This 
is normal. Just knead the  dough after removing it from the bag, 
and it  will be a s good as new. If stored properly, the dough 
should keep for several weeks.  

 
Making Insulating Dough 

 
Materials: 
1 1/2 cup Flour ��� 
1/2 cup Sugar ��� 
3 Tbsp. Vegetable Oil 
1/2 cup Deionized (or Distilled) Water 
(Regular tap water can be used, but the resistance of the dough will be lower.) 
  
Procedure: 
1. Mix solid ingredients and oil in a pot or large bowl, setting 
 aside ½ cup flour to be used later. 
 
2. Mix with this mixture a small amount of deionized water 
 (about 1 Tbsp.) and stir. 
 
3. Repeat this step until a majority water is absorbed by the 
 mixture. 
 
4. Once your mixture is at this consistency, knead the mixture into 
one “lump”. 
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5. Knead more water into the dough until it has a sticky,  dough-
like texture. 
 
6. Now, knead in flour to the dough, until a desired texture is 
 reached. 
 
7. Store in an airtight container or plastic bag. While in the bag, water  from the 
dough will create condensation. This is normal. Just  knead the dough after 
 removing it from the bag, and it will be  as good as new. If stored 
properly, the dough should keep for  several weeks. 
 
Building Squishy Circuits 

 
Safety:  
These activities 
are designed 
such that the 
dough is used to 
connect 
components. 
Never connect 
components, 
such as LEDs, 
directly to the 
battery pack, as 
running too 
much current 
through 
components can 
damage them, 
possibly causing 
them to overheat 
or pop. Follow 
standard 
electricity safety 
considerations.  
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Squishy Circuits Worksheet 
(adapted from Squishy Circuits Classroom Guide, 

http://courseweb.stthomas.edu/apthomas/SquishyCircuits/PDFs/Squishy%20Circuits%2
0Classroom%20Guide.pdf) 

 
1a. Begin with two lumps of the conductive dough. Plug one wire from the 
battery pack into each piece and bridge the gap with a LED.  
 
 
 
 
 
 
Does the LED light up? (circle one):  YES    NO  
 
1b. Take the LED out and flip it around so that each “leg” is in the opposite 
piece of conductive dough.  
 
Does the LED light up? (circle one):         YES    NO 
 
The LED only works in one direction. The longer terminal should be 
attached to the positive (red) wire from the battery pack. This is called a 
closed circuit.  
 
2. Next, pull one of the LED legs out of the dough.    
 
 
 
 
 
 
 
Does the LED light up? (circle one):          YES    NO 
 
In the last step, the LED went out because we broke the loop of electricity – 
this is called an open circuit.  
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3. Put the LED leg back in, so your LED is on. Now, push the two pieces of 
conductive dough together.  
 

 
 
 
 
 

 
Does the LED light up? (circle one):  YES    NO 
 
In the last step, the LED went out – this is called a short circuit.  
 
4. Separate the two pieces. The LED should once again light up, because 

the electricity must go through the LED to 
complete the circuit. Now, create a 
“sandwich” with the insulating dough 
between two pieces of conducting dough.  
 
Does the LED light up? (circle one): 

          
         YES       NO  
 
The insulating dough does not let electricity flow through it easily. It acts 
like a “wall” to electricity. Therefore, the electricity has to go around the 
insulating dough, and through the LED which lights up! There is one 
continuous path for the electricity to flow through – this is a series circuit.  
 
5. Now, we can create Squishy Circuits that 
do not have to be separated, like “sushi 
circuits!”  
 
There are multiple paths for the electricity to 
flow through – this is a parallel circuit.  
 
6. Now, you can design your own circuit! Draw your design here on the 
back of this page. 
 
Then, try to build and test your design with the materials provided!  
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VARITATION GAME 
Developed by Outdoor Biology Instructional Strategies (OBIS), Lawrence Hall of Science, 

University of CA, Berkeley, CA  97720 
 
Overview: 
Students play games that introduce the concept of variation between individuals of a species. 
 
Background: 
A close inspection of a daisy patch reveals that individual flowers have different numbers of 
petals.  Footprints in the sand disclose a wide variation in the sizes of human feet.  We know 
giraffes are tall, but there will always be one that is taller than the rest.  These differences 
between the individual members of a species are called variations. 
 
A variation can be an advantage, a disadvantage, or meaningless to an individual organism’s 
ability to survive or to adjust to changes in the environment.  For example, a “tall” giraffe might 
be able to reach the highest leaves in the trees after all the lower leaves have been eaten.  The 
daisy with the fewest petals might be the one that survives a strong windstorm, thus being able 
to produce seeds for reproduction. 
 
Students undoubtedly vary in strength, quickness, coordination, intuition, and luck.  The games 
suggested in this activity have been selected to focus attention on the variations. The concept of 
variation is introduced after the students have experienced the differences (variations) in their 
abilities to play the game. 
 
CHALLENGE:  OBTAIN ENOUGH RESOURCES FOR SURVIVAL! 
 
Materials: 
(The quantities listed are for a group of 24 participants; adjust numbers for larger or smaller 
groups.) 
 
For the group: 
100 resource counters (craft sticks, poker chips, or similar small objects) 
15 5” x 8” index cards 
1 “Games Moneys Play” Rules Card 
1  Watch or Timer 
1  Data board and marking pen 
 
For the “Pulling Roots” Game: 
5 2-meter lengths of heavy rope, old garden hose, etc. 
 
For the “Building Shelter” Game:   
8  bolts, at least 5 cm long 
24 nuts to fir the bolts 
 
For the “Catching Termites” Game: 
8  sewing needles 
8  corks 
1  spool of thread 
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Preparation: 
 
Group Size: This activity is suitable for medium to large-sized groups. 
Time:  Plan on 40 -60 min. for this activity. 
Site:  Choose a lawn or similar area that allows for running, jumping, and   
  shouting. 
 
Action: 
1. Tell students they are going to act as monkeys trying to get enough resources  (food, 
 shelter, and space) to survive.  Point out the resource pools (cards and  counters) in 
 the play area. 
 
2. Give students this explanation of the activity: 
 A. The activity consists of 3 different “eras.” Each era is characterized by   
  different environmental conditions, which present different challenges to   
  the “monkeys.” 
 
 B. Each resource pool has a challenger and a defender.  The challenger 
  Challenges the defender for his resources by selecting one of the  3   
  challenges (games of the current era.)  The object is to get as many   
  resources as possible during each era. 
 
 C. After the challenge has been decided, the winner claims a resource   
  counter and stays at the location; the loser moves to another resource   
  pool and challenges the defender of that pool. 
 
 D. The students can engage in many challenges as time permits. 
 
3. Read the story of the Early Era: “Long ago a population of monkeys lived in a tropical 
 rain forest.  The major difficulty they faced was building and maintaining  a dry shelter.  
 The rain also created large puddles that provided numerous breeding places for 
 disease-carrying mosquitoes.  Much time was spent swatting the bothersome 
 mosquitoes.  The monkeys’ favorite food was termites, which they coaxed out of the 
 termite nest by threading a grass blade into the small opening.”  These are the 
 challenges of the Early Era. 
 •  Building a Shelter 
 •  Swatting Mosquitoes 
 •  Catching Termites 
 
4. Demonstrate the 3 simple games that correspond to the challenges.  Then have 
 students count off by two’s and send the ones off to stand by the resource pools  
 as defenders.  Hand out the materials required for the game to the twos and send 
 them off to challenge the defenders.  Note the time, or set the timer, and let 
 the challenge run for 6 minutes. 
 
5. When the Early Era is over, write everyone’s name on a data board, and record  
 the number of resource counters each student won during that era.  Ask students 
 to return their resource counters to the pools before moving on to the next era. 
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Number of resources won during the eras: 
NAMES EARLY ERA MIDDLE ERA MODERN ERA 
Ray 1   
Sienna 3   
Jack 2   
Monique 5   
Tyrone 0   
    
 
6. Read the story of the Middle Era:  “The environment became warmer and drier; 
 competition for food increased. The monkeys’ primary food was roots of large 
 shrubs, which they pulled from the ground. While feeding, they had to be alert for 
 other monkeys that would try to take away their food.  If a monkey was attacked,  it had 
 to escape quickly by jumping away with its food.  If it could not escape by  jumping, it had 
 to wrestle its challenger.”  These are the challenges of the Middle  Era: 
 • Pulling Roots 
 • Hand Game 
 • Palm Push 
 
7. Repeat steps 4 and 5, recording in a separate column for the Middle Era. 
 
8. Read the story of the Modern Era: “Humans invaded the monkeys’ territory and  started 
 building homes and developing the land.  Many of the resources used by  the monkeys 
 were lost.  The monkeys were forced into greater competition for  the few remaining 
 resources.  The monkeys tried to outdo each other by stare-downs and ritualistic “hand 
 games.”  If those measures failed, the monkeys esorted to pushing to keep each other 
 off balance.”  These are the challenges of the Modern Era: 
 * Stare down 
 • Hand Game 
 • Palm Push 
Note:  To represent the loss of resources, remove about one-third of the resource pools from 
the playing field. 
 
9. Repeat steps 4 and 5, recording in  third column for the Modern Era. 
 
10. After the students have struggled through all 3 eras, call the group together.  
 Discuss the special abilities required to compete successfully in each era.  List the 
 students’ responses on the data board.  Participants usually a respond: 
 •  Early Era- hand coordination, quickness 
 • Middle Era- size, strength 
 • Modern Era- good eyes, luck, timing 
 
11. Review the accumulation of resources by various individuals.  Did the same 
 students accumulate the most resources in each era?  Discuss reasons why 
 different participants succeeded during different eras.  Emphasize the fact that natural 
 differences, both physical and behavioral, exist within any species (group  of organisms 
 of the same kind).  Define these natural differences as variations. 
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VARIED IDEAS: 
 
1. Pick one familiar animal (blue jay, skunk, lion). What variations might exist in a group 
 of animals of that kind? 
 
2. If there is a shortage of drinking water next year, what kinds of variations could benefit 
 an individual plant or animal?  What type of variation could hurt an individual that 
 variations might make no difference at all? 
 
3. If all individuals in a group were the same (that is, no variations), what might 
 happen if there was a change in the environment? 
 
BRANCHING OUT: 
 
Have the students make the following investigations about variations among individuals of the 
same kind: 
 
• Count the number of petals on several flowers of the same kind. 
• Measure the length of several leaves from different trees or shrubs, but of  the 
 same kind. 
• Measure the foot size of several individuals who are the same age. 
 

NOTES 
 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 
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The Indy Card Car 
The Cooperative Group Challenge: 

(from Cathi Cox & Missy Wooley @ Louisiana Tech University) 
 

Putting Design into Motion 
Objective: 
Using only materials provided, students work cooperatively while developing problem 
solving and critical thinking skills.  A limited number of materials are made available 
therefore providing a certain level of difficulty that the students must overcome in order 
to compete the challenge:  construction a functional car. 
 
Getting Started: 

1. Gather the materials needed for the experience. 
2. Identify additional supplies that may or may not be available for students to 

use. 
3. Determine whether students will work in groups of two, three, or four. 
4. Identify an appropriate workspace for car construction, as well as an 

adequate place for testing the final products. 
5. Construct the ramp that cars will be tested on 
6. Prepare a data table to collect class data. 
7. Determine the timeframe required to complete the challenge. 
8. Develop an appropriate means of assessment for the project. 
9. Identify appropriate concepts to be developed using the learning experience. 

 
Materials Needed: 
3 X 5 index cards 
Plastic straws 
Cubic inch rubber erasers (or similar size) 
Tape 
Additional classroom supplies (optional) 
Test ramp 
Measuring tool (meter stick or tape) 
Data table for class results 
 
Teacher Notes: 
The learning experience can be used for cooperative learning, consensus building, 
problem solving, and/or critical thinking exclusively; or identified science concepts can 
be connected and developed.  Examples of science content to be addressed are as 
follows: 
• because the ramp used during the test inclined planes and simple  
 machines may be an appropriate connection 
• calculations for speed, momentum, and other measurements associated  
 with force and motion may be used 
• different surfaces at the base of the ramp may be used and friction explored 
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Teachers are encouraged to be creative in their use of this type of learning experience 
and make as many connections as possible.  Because data can be collected, it may be 
appropriate to include graphing and graphical analysis in connection 
with this activity.  Students can be challenged to list what additional 
materials would have made the construction of the car easier for them.   
 

The Indy Card Car 
The Cooperative Group Challenge: 
(from Cathi Cox & Missy Wooley @ Louisiana Tech University) 

 
Using the materials provided, design and construct a car that adheres to the following 
guidelines: 
 
• the car must be made from only the approved materials 
• the car must be able to roll down a ramp, its distance traveled beyond the ramp 
 being measured 
• the car must be able to carry a one cubic inch rubber eraser 
 
The cooperative group must perform according to these guidelines: 
 
• all members of the cooperative group must participate 
• the members of the group must come to a consensus on the  design and 
 construction of the car 
• the car design and construction must be completed within the timeframe stated 
• the group’s car must be tested in front of the whole group, passing the same test 
 as all other cars 
 

The car measuring the greatest distance wins the challenge! 
 
Safety Notes: 
Exercise caution when moving around the test ramp and be sure the area is clear for 
testing the cars.  Be careful with scissors. 
 

*************************************************************** 
Assessment: 
List two things that you would be like to change about your index car and describe how 
and why you think these changes will cause your car to go faster. 
 
 
Change One: 
 
 
Change Two: 
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STEM Face-off. Which Lesson Makes the Grade? 
By Ann Jolly 

http://www.middleweb.com/20381/2-lessons-stem-or-not-stem/ 
 

Sample Lesson 1: Growing Crops for a Lunar Biosphere 
 NASA engineers announce that in the future they will establish a lunar biosphere 
to support teams of scientists and engineers as they study the moon. Student teams 
decide to determine what crops might grow fastest and provide the largest mass yield 
for a lunar biosphere. Student teams set up and monitor classroom biospheres over a 
four week period. Crops tested include sweet potatoes, lima beans, collards, squash, 
radishes, and oats.  
 Each student team selects a different crop. All teams then follow the same set of 
procedures and start their crops from seeds, planting them in plastic containers that will 
be tightly closed. The amount of light is held constant for all containers so that the only 
variable is the plant size and mass. As team members monitor the growth of their crops, 
they track crop height and growth rates. Teams take photos of the crops at different 
stages in the growth cycle. 
 At the end of four weeks students harvest the crops, measure the mass of the 
crops (after drying them), and determine which crops produced the highest mass yields. 
They compare and analyze data across teams, and select crops they believe to be good 
candidates for producing food and biomass in a lunar biosphere. 
Each team writes a technical report to an imaginary NASA Lunar Engineering Team, 
recommending the specific crops they selected. 
 
Sample Lesson 2: Designing an Air Cushion to protect fallers from injury 
 Prompted by an incident in which a worker fell from a construction site, student 
teams decide to design a cost-effective air cushion that will protect someone who falls 
from a high structure from injury. 
 The teams begin by studying acid-base reactions. Each team has access to a 
variety of materials and figures out a way to produce a predictable, controlled acid-base 
reaction inside a plastic bag. Team members then investigate the amounts of sodium 
bicarbonate and acetic acid that they think will produce enough gas (carbon dioxide) to 
inflate a gallon-size plastic bag to a size that would protect a person falling – not allow 
that person to touch the ground or bounce off the cushion. 
 Each team constructs its air cushion. Teams evaluate the success of their air 
cushions based on the condition of a model faller (a portion cup with 10 pennies) 
dropped onto the cushion from a height of 1½ meters. 
 Teams compare their air cushion designs with those of other teams, collect data 
on the results of all drops, and construct scatterplots. They then use the information to 
redesign their airbags to increase their effectiveness. 
Each team videos a successful test and includes the video with a technical report to a 
company that will market this product. 
 
So what do you think? STEM or not STEM? 
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Right Back at You! 

http://scienceofeverydaylife.discoveryeducation.com/teachers/pdfs/6_8_Rig
htBackAtYou.pdf 

 
Lesson Overview: 
How well light is reflected is an important safety factor. Added reflectivity makes signs 
more visible and bicycles and walking clothes safer for their users especially at night. In 
this lesson, students make a rudimentary 
light reflectivity tester to help them determine the relative reflectivity of various materials 
around the classroom. They determine what the qualities are that makes a surface more 
or less reflective. As an extension, they are 
encouraged to learn about retro-reflectors and how they are incorporated into 3M safety 
products. At home,students can continue to investigate reflectivity with their parents with 
some simple activities. 
 
Learning Objectives: 
Students will be able to: 
· make and use a reflectivity tester 
· identify properties of materials that make them more or less reflective 
· understand and explain how a retro-reflector increases reflectivity 
 
Academic Standards: 
National Science Education Standards (SCES) 
Abilities Necessary to Do Scientific Inquiry 
· Use appropriate tools and techniques to gather, analyze, and interpret data. 
· Develop description, explanation, prediction, and models using evidence. 
Physical Science 
 Transfer of Energy 
 • Light interacts with matter by transmission (including refraction), absorption, or 
 scattering (including reflection). To see an object, light from that object—emitted 
 by or scattered from it—must enter the eye. 
 
Time Frame: This lesson requires two 45-minute sessions to complete: one session to 
engage students and demonstrate the reflectivity tester and a second for students to 
make and use their testers and discuss findings. 
 
Background for the Teacher: 
 Light, as a form of energy, can be reflected from most surfaces to some degree. 
It is this property of reflection that actually allows us to “see” objects when light shines 
on them. When we look at and see a plant for example, we are seeing light that has 
originated from a source and has then been reflected off the plant to our eyes. 
Different surfaces reflect light differently; some surfaces reflect light poorly (a dark 
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sweater) while other surfaces reflect light very well (a mirror). 
 
In this lesson, students will make and use a rudimentary device to determine the degree 
of reflectivity of surfaces. See the accompanying figure.You should construct one for 
yourself in advance and practice with it so you can show your students how it’s made 
and used. To construct a reflectivity tester, make a hole in the left half of a 3x5 index 
card with scissors so your flashlight can snuggly fit into the hole. The index card should 
be snug enough around the flashlight so it stays attached without you having to hold the 
card itself. To use the flashlight as a reflectivity tester, hold the flashlight a few 
centimeters away from a flat surface so the beam shines on the surface and reflects 
light to the backside of the index card. If the surface is reflective, you should 
see the reflected light through the index card. The index card acts like a screen so you 
can see the reflected light. You’ll see that as you shine the flashlight at different colors 
for example, these various colors will be visible through the index card. Moving the 
beam of the flashlight from a dark surface to a lighter surface produces a brighter 
(reflected) light on the index card. 
 
Retro-reflection: One limitation of light reflection is that a beam of light reflects in a very 
well defined direction. The science of optics says that the angle of incidence is equal to 
the angle of reflection. This means that if you view a reflective surface at an angle that 
is not equal to the angle of incidence, you do not see the 
original source or image. One way around this issue is to make use of a double 
refection - a reflection of light first from one surface then a second surface that is 
oriented at a 90-degree angle from the first. This way, if you move the light source up 
and down or sideways, you can still see the image. It is however, still limiting in the 
third dimension. To resolve this issue requires a third reflection and a third reflective 
surface oriented at a 90-degree angle from both the first and second surfaces. The 
effective shape of these three reflective surfaces is essentially a corner, looking from 
the inside, of a rectangular prism. Now, no matter what angle you shine a light beam 
into this corner reflector, you will always have the light reflected straight back to the 
source. If these surfaces are reflective mirrors, you need not “aim” the mirrors, for no 
matter what direction they face, light will always reflect directly back to the source. Many 
devices and materials make use of this property of light, which is called 
retroreflectivity. 
 
Highway signs make use of this property to reflect headlights back to the source, the car 
and driver. The Apollo astronauts left a retroreflector on the surface of the moon. 
Scientists on Earth can measure and monitor the moon-Earth distance by reflecting a 
high-powered laser from the retroreflector and always count on seeing the 
reflected beam. This way they can measure the time-of-flight of a pulse of the laser and 
therefore calculate the distance. 
 
A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content 
is provided for informational purposes only;  Discovery Education and 3M assume no liability for your use 
of the information. 3M, O-Cel-OTM, Post-it® and Scotch® are trademarks of 3M. 
Published by Discovery Education. © 2010. All rights reserved. 
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Materials for the teacher: 
· flashlight* 
· 3x5 index card 
· scissors 
· small mirrors (optional) 
*An ideal flashlight for this activity is a small LED flashlight. These are readily available 
from drug stores, grocery stores, or hardware stores. Any standard flashlight will work 
but the diffuse beam is less effective at making reflections visible than an LED flashlight.  
 
For eye-safety sake, you should not use small laser pointers 
for this activity. 
 
Materials for each group of students: 
· flashlight 
· 3x5 index card 
· scissors 
· variety of flat surfaces found in any classroom 
· materials to test for reflectivity** 
· notebook and pencil 
** These materials could include items such as CDs, aluminum foil, construction paper, 
various earth materials, books, and cloth samples. (The reflectivity tester is sensitive 
enough to show a difference of reflectivity between the front and the back of a CD.) 
 
Classroom Activities: 
Engage 
 
1. Turn on a standard flashlight and shine it around the classroom. If you have a mirror 
 handy, shine the flashlight into the mirror so the beam reflects into students’ 
 faces. Ask students to describe what is happening to the beam of light when you 
 shine it on the mirror. In addition, sprinkle some chalk dust in the beam of the 
 flashlight so students can see the light reflecting off of the chalk dust. If you don’t 
 have chalk dust, substitute something small and reflective such as confetti or 
 small pieces of aluminum foil.  Ask students to explain why they’re able to see 
 the chalk dust or confetti. Be sure they can articulate that the light from the 
 flashlight is reflecting off of the particles of dust and back to their eyes. 
 
2. Ask students for examples of other situations where light is reflected from a surface 
 or object and impinges on our eyes. Make note of student responses so you can 
 tailor the lesson to the appropriate levels of understanding, including any 
 misconceptions, about light and reflection. 
 
A good scientist is a safe scientist. Do not conduct any experiment without adult supervision. This content 
is provided for informational purposes only; 
Discovery Education and 3M assume no liability for your use of the information. 3M, O-Cel-OTM, Post-it® 
and Scotch® are trademarks of 3M. 
Published by Discovery Education. © 2010. All rights reserved. 
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Explain 
 
1. Put the following diagram on the board or chart paper and have students copy it to 
 their notebooks. 
    
   Light 

Reflected Light 
Object 
 
 
2. Refer to the diagram as you review the activities you demonstrated in Engage above. 
 Ask students what fraction of the light they think is reflected from the surface of 
 an object. Students might suggest that not all of it is. Use this opportunity to 
 continue a discussion about reflectivity and absorption of light on common 
 objects. Tell students you are going to provide them with materials to make a 
 device that will let them find out the relative reflectivity of objects. Tell them you 
 are using the term ‘relative reflectivity’ here because this device is very basic 
 and it cannot actually measure reflectivity as a number but only provides a 
 general sense of how the reflectivity of one surface compares with another. 
 
3. Display the reflectivity tester you made, show students how you made it, and 
demonstrate how to use it. 
 
Explore 
 
1. Show students the materials you have to build the reflectivity tester as well as the 
 possible objects to test. Divide students into groups depending on the materials 
 you have available and let them begin making their testers. 
 
2. Once the testers are completed, encourage students to use their notebooks and, as a 
 team, go around the room to make relative comparisons of the reflectivity of a 
 wide variety of materials. If you were to select a subset of items you could 
 challenge groups to rank the items from least reflective to most reflective, 
 then have groups compare rankings. 
 
3. Bring students together to discuss their findings. Were groups in agreement about the 
 rankings of the set of items? Using this simple device, were they able to make 
 any discoveries about the nature of reflections or about surfaces that they did not 
 know before? 
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Extend 
 
1. Ask students if they have any clothing or accessories that make use of reflective 
material or contain reflective tape. Examples might include jackets, hats, backpacks, 
shoes, helmets, bicycles, etc. Invite discussion about how these materials work and 
what their purpose might be. If students have such items with them at school, they could 
be used to continue this investigation of light reflections. 
 
2. Students could use the Internet to research some of the many products 3M makes 
that are light reflective. 
You can view them here: 
http://solutions.3m.com/wps/portal/3M/en_US/ScotchliteReflectiveMaterial/Scotchlite/productinformation/ 
product-catalog/ 
Can they think of any novel ways to use such products? 
 
3. Students could also use the Internet to research retroreflectivity, how it works and its 
many uses. This 3M 
website: 
http://solutions.3m.com/wps/portal/3M/en_US/ScotchliteReflectiveMaterial/Scotchlite/solutions/activewear
/brand-manufacturers/how-it-works/  
briefly describes retroreflectivity and why 3M uses the principle to 
make some of its products. Students might have experience with retroreflectivity in the 
eyes of animals, 
especially at night when a car’s headlights or a flashlight seems to brightly light up the 
eyes of an animal. 
 
4. Visit this 3M website for more information on reflectivity: 
http://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSu7zK1fslxtUMY_9o821ev7qe17zHvTSev 
TSeSSSSSS-- 
If you have access to small mirrors, students could make a retroreflector and test its 
properties. Good quality, square plastic is good for this purpose. A diagram at this site 
illustrates how to arrange three mirrors at right angles to each other to make a cube 
corner retroreflector. 
 
Evaluate 
 
1. Explain how a reflectivity tester works. 
 
2. Your reflectivity tester was a simple instrument you made and used to investigate a 
certain property of materials. This property could be considered a variable in an 
investigation. What was this variable? 
 
3. You and your team ranked different items based on this property. Create a simple 
system that would show how the various items ranked. 
 
4. Explain how retroreflection works and give an example of it. 
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Home Connections 
 

Parent Background Information 
 Light, as a form of energy, can be reflected from most surfaces to some degree. 
It is this property of reflection that actually allows us to “see” objects when light shines 
on them. When we look at and see a plant for example, we are seeing light that has 
originated from a source and has then been reflected off the plant to our eyes. 
Different surfaces reflect light differently; some surfaces reflect light poorly (a dark 
sweater) while other surfaces reflect light very well (a mirror). 
 
Activities to do with your child 
 
1. Share: Ask your child to share the results and findings of his or her work at school 
 with the reflectivity tester. 
 
2. Activity: With a flashlight (small LED flashlights work best), make a reflectivity tester 
 as described by your child. In addition to a flashlight, all you will need is an index 
 card and something to make a small hole in the index card. Let your child show 
 you how it is used with various objects around the house. 
 
3. Research: You and your child could use the Internet to research 3M’s line of 
 reflective tapes and products at this website: 
http://solutions.3m.com/wps/portal/3M/en_US/ScotchliteReflectiveMaterial/Scotchlite/pr
oductinformation/ 
product-catalog/  
 that use reflective tapes. Look around the house to see if you have any 
 items that might make use of reflective material. Use your reflectivity tester to 
 check them out. At night, how far away from these reflective materials can you 
 get and still see reflected light. Does the angle between the light beam and your 
 eye make any difference in the amount of reflected light you see? 
 
Check this website to find an explanation of light reflecting straight back regardless of 
the orientation of the reflecting surface. 
http://solutions.3m.com/wps/portal/3M/en_US/ScotchliteReflectiveMaterial/Scotchlite/sol
utions/activewear/brand-manufacturers/how-it-works/to 
 
Scoring Key for Evaluate 
1. A reflectivity tester works by shining a flashlight at a surface and seeing how much 
 light gets reflected back up to an index card that is attached to the flashlight. 
2. The variable is how reflective a surface is. 
3. We could call the least reflective item a 1, the next most reflective a 2, and so forth. 
 Or we could use letters to show how they compared to each other. 
4. Retroreflectivity is when light gets reflected directly back to the source of light 
 regardless of how the reflector is aimed. A stop sign uses this idea to make the 
 sign easily visible at night from all angles. 
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.Cool STEM Resources for Middle Level Learners 
Retrieved from: http://www.mastersindatascience.org/blog/the-ultimate-stem-guide-for-
kids-239-cool-sites-about-science-technology-engineering-and-math/ 
 
Cool STEM Websites 
• The Big Brain Theory – Discovery Channel: Competitors on this TV show have just 30 

minutes to come up with a solution to an (seemingly) impossible engineering 
challenge. 

• Bill Nye the Science Guy: Bill’s entertaining television episodes cover everything from 
comets to the science of music. Have some fun with his home demos. 

• Chi Alpha Mu: Otherwise known as the National Junior Mathematics Club, Chi Alpha 
Mu is the younger sibling of Mu Alpha Theta. Check out its list of contests and 
summer grants. 

• Environmental Health Student Portal: Interested in learning more about chemicals, air 
quality and water pollution? This website has videos, games and experiments to 
help you along. 

• Kids Ahead: A STEM bonanza. Kids Ahead is packed with all kinds of resources, 
including scavenger hunts, videos, articles, links to local activities and fun events 
and info on cool jobs, that inspire and excite. 

• MathMovesU: Hone your math skills with online games, virtual thrill rides and national 
competitions! MathMovesU also offers a variety of scholarships and 
sponsorships. 

• MythBusters – Discovery Channel: The folks at MythBusters use experiments to bust 
rumors, myths and urban legends. (During their Cannonball Chemistry 
experiment, they accidentally drove a cannonball through the side of a house.) 

• Sally Ride Science: Founded by America’s first female astronaut, Sally Ride Science 
hosts a number of student programs, including science festivals and overnight 
camps. 

• Science Bob: Bob is a science teacher who loves to experiment (often on Jimmy 
Kimmel). His website has videos, links and plenty of ideas for build-your-own 
experiments and science fair projects. 

• SciJinks: It’s all about the weather. The National Oceanic and Atmospheric 
Association (NOAA) and NASA put together this educational website to teach 
kids about meteorology and earth science. Check out their games section. 

• Scratch: Designed for kids age 8 to 16, Scratch is a place where you can program 
your own interactive stories, games and animations. A project of the Lifelong 
Kindergarten Group at the MIT Media Lab. 

• TechRocket: A great learning tool for kids interested in programming, graphic design, 
and more! 

STEM Games and Apps 
1. Auditorium: The Online Experience: Auditorium is a beautiful and challenging puzzle 

with many different solutions. One game reviewer called it “part puzzle game, 
part light sculpture, part musical instrument.” 

2. CSI: Web Adventures: Based on the T.V. series, this immersive adventure allows you 
to solve your own forensics case. Levels range from beginner to advanced. 
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3. DimensionU Games: DimensionU has developed lots of games that tackle STEM 
skills. Use math to reveal the mysteries of Xeno Island or join forces in a race to 
disengage a bio-digital virus. 

4. Gamestar Mechanic: Learn to design your own video game! Explore game-based 
quests and take courses to build your skills. 

5. Machinarium: An incredibly slick point-and-click adventure game. You’re a robot 
who’s been tossed on a scrap heap and must solve a series of puzzles to make it 
back to the city, save the girl and beat the bad guys. 

6. Mathemagics Mental Math Tricks: Amaze friends and parents with these quick (but 
impressive) mathematics tricks. 

7. Minecraft: Minecraft is a popular 3-D block-building game that pushes your 
imagination to the limits. Protect yourself against nocturnal monsters or a build a 
giant one-of-a-kind creation. 

8. National Geographic Games: Journey deep into the nano-world. Build the greenest 
city in the universe. Prepare for the apocalypse. Some of these games are free; 
some must be purchased. 

9. Portal 2: A mind-bending action adventure game built around physics principles and 
environmental puzzles. Navigate portals and battle against a power-crazed 
artificial intelligence named GLaDOS. Suitable for teens. 

10. Quantum Conundrum: Your uncle has disappeared. He’s left his Interdimensional 
Shift Device behind. And his house just got very weird. Welcome to the physics-
based puzzle game known as Quantum Conundrum. 

11. Robots for iPad App: Everything you want to know about robots in one easy app. 
Robots for iPad has 360-degree views, lots of articles and specs and hundreds of 
photos and videos. 

12. You Can Do the Rubik’s Cube: You knew there had to be a game completely 
devoted to it. Unlock the secrets of the world-famous Rubik’s Cube. 

 
Cool STEM Websites 
• Arrick Robotics: This the prettiest website in the world, but if you’re looking for 

robotics resources, this is the place to be. Includes lists of competitions and 
contests, groups and clubs, games and simulation. 

• Codeacademy: Learn to code interactively (and for free). Codeacademy offers coding 
classes in major programming languages like Python, PHP, jQuery, JavaScript 
and Ruby. 

• DiscoverE: Thinking about engineering? DiscoverE has a selection of resources on 
careers, preparing for college and research schools. You might also want to 
check out their list of videos, trips, websites and hands-on activities. 

• Mu Alpha Theta: Also known as the National High School and Two-Year College 
Mathematics Honor Society, Mu Alpha Theta has over 100,000 student 
members. It organizes a national math convention, offers special awards and 
provides competitions. 

• Student Science: A central spot for science news, blogs, resources and information 
about Intel competitions. Sample article titles include “Native ‘snot'” and “A library 
with no books.” 
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• TechRocket: Neat tool for exploring programming languages, 2D and 3D game 
design, and more. 

 
STEM Games and Apps 
• Algebra Touch App: Get a refresher on your algebra skills with this touch-based tool. 

Tap to simplify, drag to rearrange and draw lines to eliminate identical terms. 
• The Elements App: If you geek out on the periodic table as much as I do, you’ll want 

this app. Check the current price of gold, find the half-life of plutonium or read up 
on helium-neon lasers. 

• Interplanetary 3D Sun App: Sponsored by NASA, this tool pulls data from a fleet of 
NASA spacecraft. Watch solar flares, coronal mass ejections and geomagnetic 
storms moments after they happen. 

• Muscle System Pro III App: Strip away the flesh to discover what lies beneath. 
Developed in collaboration with Stanford University School of Medicine, this 
interactive app allows you to explore the workings of human musculature, layer 
by layer. 

• NASA App: A must-have for NASA fans. This monster app includes live streaming of 
NASA TV and over 13,000 images, as well as on-demand videos, news stories 
and International Space Station (ISS) sighting opportunities. It also happens to 
be free. 

• National Geographic Apps: National Geographic has plenty to keep you entertained 
on a dull day. Top-rated apps include National Parks and the World Atlas. 

• Pocket Universe App: Astronomy unbounded. Take a virtual visit to the surface of 
Mars. Animate the night sky. Play quiz games. Get pop-up notifications of 
astronomical highlights. 

• Solar System for iPad: Explore the universe on your tablet with stunning visuals, 150-
plus story pages, images from the Mars rover Curiosity and a 3-D orrery that lets 
you control the orbits of planets and their moons. 

• Sparticl: The best science on the web! Engaging videos, articles, activities, and 
games for teens. 

• Virtual Frog Dissection: All of the education with none of the guts. This app allows you 
to wield virtual dissection tools to uncover the mysteries of amphibian anatomy. 

  
Curriculum Resources 
Exploratorium  
http://www.exploratorium.edu 
Provides interactives, web features, activities, programs, and events for K-12. Saturday 
and Summer professional development workshops are available through the Teacher 
Institute. 
 
NASA — Educators 
http://www.nasa.gov/audience/foreducators/index.html 
Lesson plans, teacher guides, classroom activities, video clips, games, posters, and 
more for teachers and students in grades K-4, 5-8, 9-12, and higher education. 
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eGFI: Dream Up the Future 
http://www.egfi-k12.org 
Promotes engineering education with K-5, 6-8, 9-12 lesson plans, activities, outreach 
programs, and links to web resources. Teachers and students can download the first 
three issues of eGFI magazine. 
 
Master Tools 
http://www.shodor.org/master/ 
Eight interactive math and science tools and simulations for students in grades 6-12. All 
simulations and curriculum materials meet the new National Science Education 
Standards and National Math Education Standards. 
 
Engineer your Life 
http://www.engineeryourlife.org 
This guide introduces girls in grades 9-12 to young women engineers and highlights 
careers. A section for parent and counselors furnishes background in engineering to 
better advise students. The site has a link to a companion site for girls in grades 5-8. 
 

STEM Face-off  (page 6) 
> Both lessons involve science AND mathematics – a must for K-12 STEM, which is viewed as an 
 integrated curriculum involving science, technology, engineering, and mathematics. 
> Both involve teamwork – another “must have” for STEM curriculum. 
> Both involve a student-centered, hands-on approach. 
> Both focus on a real-world problem. 
> Both involve collecting and analyzing data, although with different degrees of depth. 
 
Although both lessons share these five characteristics, at this point the similarity to an actual STEM 
lesson begins to dwindle for Lesson #1. 
 
Where the lessons diverge 
Consider the design aspect. Lesson #1 offers students no choice (except for the plant type) in designing 
the solution. All teams are given the same approach to follow to set up their biospheres. Lesson #2, on 
the other hand, allows team members to work together to design the mix of chemicals, a way to combine 
the chemicals within a plastic bag, and the degree to which the bag is inflated to be successful. Each 
team may come up with a different mix of chemicals and amount of inflation. Lesson #2 permits multiple 
possible solutions for the problem.  
 
Consider the process of designing and creating prototypes. This was absent in Lesson #1, but was front 
and center in Lesson #2. In Lesson #2 teams experimented with the chemicals and used this research to 
choose a design they believed would solve the problem. Each team then created an air cushion prototype 
from their design. 
 
Consider the testing process. Lesson #1 offered no reason to do anything beyond gathering data about 
the mass of the plants. Lesson #2 involved teams in conducting actual tests of their air cushions and 
comparing the data graphically. That gave them information to help in redesigning their air cushions as 
needed. 
 
The all-important engineering component 
In my view, Lesson #1 did not fully match the criteria for a STEM lesson. Actually, Lesson #1 is a great 
science experiment and could qualify as research for designing a lunar biosphere. It followed the scientific 
method quite nicely, but it lacked an actual engineering application. 
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Lesson #2 contained that all-important engineering component – the component that drives real STEM 
lessons and projects. It followed the engineering design process and called on students to create their 
own research-based solutions for the problem (within constraints). This reinforced an engineering 
mindset of continual improvement and redesign. 
 
Good lessons aren’t always STEM lessons 
Many worthwhile lessons and projects focus on student-centered learning, innovation, creativity, 
teamwork, design approaches, and some of the same skills that STEM projects focus on. For that reason, 
many people think of these as STEM. 
 
However, recall that STEM was introduced into the K-12 curriculum to meet specific (engineering-related) 
needs in our national workforce, as well as to create STEM-literate citizens. For that reason, I’d suggest 
sticking with the original purpose of STEM in our K-12 program designs. Let’s keep that all-important 
engineering component front and center. 
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Great STEAM APPS 

Retrieved from: http://www.weareteachers.com/blogs/post/2014/08/09/60-apps-for-
teaching-steam 
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