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Your Future In Hydropower was developed for Career and Technology Education 
classrooms by the NEED project with funding and technical support from the 
National Renewable Energy Laboratory and the U.S. Department of Energy Water 
Power Technology Office.

Kit Contents List:
 �12 D-cell batteries
 �12 D-cell battery holders
 �12 Small light bulbs
 �12 Light bulb holders
 �42 Alligator clips
 �12 Switches
 �6 Peg boards
 �1 Science of Electricity Model kit:

 �1 Small bottle
 �1 Rubber stopper with ¼” hole
 �1 Wooden dowel (1/4” x 12”)
 �1 Foam tube
 �4 Rectangle magnets
 �2 Nails
 �1 Digital Multimeter

 �6 Gear exploration kits; each containing:
 �1 Hole plate
 �4 Gears (1 each of 10, 20, 40, and 50 teeth)
 �1 Dowel rod (3/8” x 12”)
 �1 Perpendicular block
 �1 Small motor mount
 �1 Small motor with adaptor pin
 �1 Variable resistor

 �6’ Length of rubber pipe insulation
 �6 Rectangular plastic jugs
 �1 Foam tube 15” long
 �6 Wooden dowel rods 12” X ¼“
 �6 Rubber stoppers with ¼” hole
 �24 3/8 X 1” Bolts
 �24 Disc Magnets
 �6 Motors
 �48 Plastic Spoons
 �6 Rolls of magnet wire
 �3 Thermometers
 �1 Micro-hydro generator
 �1 Hose adapter 5/8 to ½ NPT thread
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Standards Correlation Information
https://www.need.org/educators/curriculum-correlations/

Next Generation Science Standards 
This guide effectively supports many Next Generation Science Standards.  This material can satisfy performance expectations, 
science and engineering practices, disciplinary core ideas, and cross cutting concepts within your required curriculum. For more 
details on these correlations, please visit NEED’s curriculum correlations website. 

Common Core State Standards 
This guide has been correlated to the Common Core State Standards in both language arts and mathematics.  These correlations 
are broken down by grade level and guide title, and can be downloaded as a spreadsheet from the NEED curriculum correlations 
website. 

Individual State Science Standards
This guide has been correlated to each state’s individual science standards. These correlations are broken down by grade level and guide 
title, and can be downloaded as a spreadsheet from the NEED website. 
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Materials List

ACTIVITY MATERIALS IN KIT ADDITIONAL MATERIALS NEEDED
Reading a Ruler  �Rulers or meter sticks

 �Tape measures
 �Wrenches and other hand tools
 �Objects to measure

Series and Parallel Circuits  �D-cell batteries and holders
 �Small light bulbs and holders
 �Alligator clips
 �Switches

Complete the Circuit  �Small light bulbs and holders
 �D-cell batteries and holders
 �Insulated wire

 �Permanent markers
 �Rulers
 �Wire cutters and strippers
 �Assorted insulators and conductors

What’s the Better Fit?  �Peg boards  �Screwdrivers
 �Nuts, bolts, screws, and washers of various sizes
 �Pliers
 �Wrenches

Science of Electricity Model  �Small bottle
 �Rubber stoppers with holes
 �Wooden dowel
 �Foam tube
 �4 Rectangle magnets
 �2 Nails
 �Digital Multimeter

 �Push pin
 �Hand operated pencil sharpener
 �Ruler
 �Permanent marker
 �Sharp scissors
 �Masking tape
 �Fine sandpaper
 �Utility knife (optional)

Introduction to Materials Selection  �Internet access

Exploring Gear Ratios  �Hole plates
 �Gears
 �Dowel rods (3/8” x 12”)
 �Perpendicular blocks
 �D-cell battery with holder (optional)
 �3 Alligator clips (optional)
 �Motor with adapter pin
 �Variable resistor (optional)

 �Permanent markers
 �Ruler
 �Cutting tool

Exploring Water Flow Demonstration  �Rubber pipe insulation to create water flow 
troughs

 �Large beaker, jug, or pitcher of water
 �Meter stick or board for support
 �Bucket or dish pan
 �Round objects
 �Flat objects (waterproof )
 �Masking tape
 �Glue gun and glue sticks
 �Sand, gravel, or pebbles
 �Washer (1”)
 �Books

Predicting Water Flow  �Water flow troughs (see above)  �Large beaker, jug, or pitcher of water
 �Meter stick or board for support
 �Bucket or dish pan
 �Masking tape
 �Small, irregularly shaped objects
 �Books
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Hydropower Generator Model  �Rectangular plastic jugs
 �Foam tube
 �Wooden dowel rods (1/4” thick)
 �Rubber stoppers
 �3/8 x 1” bolts
 �Disc magnets
 �Plastic spoons
 �Digital multimeter
 �Magnet wire
 �Motors
 �Alligator clips

 �Pencil sharpener
 �Permanent markers
 �Rulers
 �Sharp utility knives
 �Compact discs or sturdy, plastic material
 �Double-sided tape
 �Drill and drill bits
 �Glue gun and glue sticks
 �Pulleys (optional)
 �LED bulbs (optional)
 �Old rags

Exploring Stream Flow  �Heavy-duty string
 �Stakes
 �Hammer
 �Tape measure (20 ft minimum)
 �Waterproof yardstick 
 �Twist ties
 �Floating object
 �Fishing net
 �Stopwatch
 �Calculator (optional)
 �Boots or hip waders (optional)

Exploring Water Temperature  �Thermometers  �Permanent markers (optional)
 �Long pole or stick (optional)
 �Tape or string (optional)

Dissolved Oxygen  �Dissolved oxygen field test kit

Personality Party  �Cardstock
 �Cups
 �Rubber bands
 �String
 �Scissors

Experimenting with  
Micro-hydropower Generation

 �Micro-hydro generator
 �Hose adapter 5/8 to ½ NPT thread

 �Garden hose
 �Garden hose cap
 �5-gallon bucket
 �Tubing or hose that fits ½ NPT thread
 �Old rags / towels
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Teacher Guide

 Grade Level:  
 �Secondary, grades 9-12

 Time:  
15-20 class periods

 ! Magnet Safety
The magnets in the Science 
of Electricity Model and 
Hydropower Generator Model 
are very strong. In order to 
separate them, students 
should slide/twist them apart. 
Please also take the following 
precautions:

 �Wear safety glasses when 
handling magnets.
 �Use caution when handling 
the magnets. Fingers and 
other body parts can easily 
be pinched between two 
attracting magnets.
 �When students set the 
magnets down they should 
place them far enough away 
from each other that the 
magnets won’t snap back 
together.
 �The tape should hold the 
magnets on. If you want 
something stronger and 
more permanent you can  
use hot glue.
 �When you are finished with 
the magnets and ready to 
store them, put a small piece 
of cardboard between them.
 �Keep magnets away from 
your computer screen, cell 
phone, debit/credit cards, 
and ID badges.
 �Do not allow the magnets near 
a person with a pacemaker 
or similar medical aid. The 
magnetic field can affect the 
operation of these devices.

&Background
Hydropower has been used for millennia for transportation, and for several hundred years to do 
mechanical work. In the last 150 years, hydropower has become the leading renewable energy 
resource for generating electricity and is the fourth largest electricity generator overall. In any 
given year, hydropower provides 5-10 percent of the electricity we use in the United States, 
depending on rainfall.

Like many industries, the hydropower industry workforce is beginning to age out without well-
qualified younger workers ready to take their place. As we are coming out of the “college for all” 
mindset, educators, industry leaders, and government officials are realizing that teaching young 
adults the skills needed to enter trades-related fields like those in the hydropower industry 
should be a priority. This guide is designed to introduce students to some of the skills and 
knowledge needed to prepare them for entry into entry level positions and additional training in 
the hydropower industry.

As you glance through this curriculum unit, you will see that the topics potentially cover several 
different content areas and types of classes. No single teacher should think this entire course 
should be taught in one class. Ideally, the same group of students would be able to experience all 
of the activities in this course in collaboration with two or more teachers. Decide which parts fit 
best into your classroom, and focus there. Share the rest with your colleagues and work together 
to provide a complete, enriching hydropower introduction for your students.

Concepts
 �Moving water is a renewable source of energy that can be used to generate electricity.
 �Electricity is an energy carrier where electrons absorb energy from an energy source and carry 
that energy to an end use, such as a light or motor.
 �Electrical current is the number of electrons to move past a point in a second, and voltage is a 
measure of the potential those electrons have. Power is a combination of current and voltage.
 �A circuit is a pathway for electricity to flow.
 �Electromagnetic induction allows us to increase or decrease voltage in an electricity transmission 
system. It also allows us to change rotational energy into electricity.
 �The water cycle is driven by solar energy.
 �Water transports energy and matter.
 �The properties of water make it a unique substance.
 �Hand and power tools allow us to accomplish difficult tasks by increasing torque or pressure, or 
applying other physics principles to a task.
 �Selecting materials for hydropower facilities and technologies requires assessing the properties 
of those materials and choosing the one that best fits the application.
 �The power in moving water has been used for centuries.
 �Building dams is a good way to store energy in water to use to generate electricity.
 �Hydropower plants have turbines to capture the energy of moving water and generators to 
change the energy into electricity. Many hydropower plants also have dams.
 �The properties of concrete lend themselves to building massive structures like dams.
 �Fluid dynamics describes how fluids, like water, flow.
 �Because turbines capture the energy of flowing water, the speed with which they turn is 
governed by the speed of the flowing water as well as the radius of the turbine blades.
 �Gears can be used to govern the speed of a turbine in order to operate the generator at the 
appropriate frequency.
 �Using water to generate electricity can have several negative environmental impacts.
 �Maintaining water quality around hydropower plants is essential to minimizing the impacts on 
the surrounding ecosystem. 
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2Preparation
 �Read the Teacher and Student Guides thoroughly and decide how you are going to implement the unit in your classroom.
 �Obtain the additional materials needed for the hands-on activities using the materials list on pages 5-6.
 �Assemble the Science of Electricity Model (pages 12-14) prior to using it with the class. Become familiar with the operation of the model and 
the other equipment in the kit, especially the multimeter. Directions for using the multimeter are included on page 14.
 �Decide if you will conduct Activities 1-4 individually or on a rotation basis. If you have the entire class conduct the same activity as a class, 
you will need four class periods to complete them. If you complete these activities as a rotation of four stations, fewer class periods 
may be needed.
 �Read carefully the instructions for the Hydropower Generator Model and Micro-Hydropower Generation activities. Familiarize yourself with 
all the components and instructions. If you have any questions send an email to info@need.org. 

@Science Notebooks
Throughout this curriculum, science notebooks are referenced. If you currently use science notebooks or journals, you may have your 
students continue using these. A rubric to guide assessment of student notebooks can be found on page 31 of the Teacher Guide.

In addition to science notebooks, student worksheets have been included in the Student Guide. Depending on your students’ level of 
independence and familiarity with the scientific process, you may choose to use these worksheets instead of science notebooks. Or, as 
appropriate, you may want to make copies of worksheets and have your students glue or tape the copies into their notebooks.

Activity 1 – Reading a Ruler
&Background
Employers say one of the skills most lacking in their newly hired workers is the ability to read a ruler correctly. This activity provides multiple 
opportunities to read a ruler and tape measure while measuring objects in a variety of sizes. As you choose items to measure, make sure 
they are easily accessible to students. They can work in small groups or individually. This is one of four activities that can be set up as a 
rotation, if you wish.

Objectives
 �Students will be able to accurately measure objects with a ruler, meter stick, and/or tape measure.
 �Students will be able to identify the value of major and minor divisions on a ruler, meter stick, and/or tape measure.

  Materials PER STUDENT OR GROUP

 �1 Ruler or meter stick
 �1 Tape measure
 �Assorted items to measure: construction materials, parts of the room, hand tools, etc.
 �Student Guide, page 36

2 Preparation
 �Decide if you will have students complete this activity as a group, or as one in a rotation of Activities 1-4.
 �Decide if you will have students work in groups or individually.
 �Gather materials for students.

CONTINUED ON NEXT PAGE
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 Procedure
1. Introduce the activity, explaining that students will be given opportunities to use a variety of measuring devices, recording measurements 

of a variety of small, medium, and large objects.
2. Show students the rulers, meter sticks, and tape measures they will be using. Show them the major and minor divisions, and help them 

determine what each means.
3. Demonstrate the use of the metric portions of each measuring device. Explain that metric rulers are divided into tenths, while Imperial 

rulers are divided into halves, quarters, and so on.
4. If students are working through this activity as a large group, allow them time to complete the activity, then reconvene class to discuss 

findings.
5. Ask students to share the measurements of their desks. There will be some minor variations in the results, but they should all be at or 

near the same measurements.
6. If there is time, move into hallways or outside to measure very large distances with a large tape measure.

Activity 2 – Series and Parallel Circuits
&Background
This activity introduces simple, DC circuits in series and parallel, and helps students understand the benefits and drawbacks of each type 
of circuit.

Objectives
 �Students will be able to construct a simple series or parallel circuit.
 �Students will be able to identify the benefits and drawbacks of series and parallel circuits.

  Materials PER STUDENT OR GROUP

 �2 D-cell batteries
 �2 Battery holders
 �2 Small light bulbs
 �2 Light bulb holders
 �2 Switches
 �7 Alligator clips
 �Student Guide, pages 37-38

2 Preparation
 �Decide if you will have the class work on this activity all together, or as a part of a rotation of Activities 1-4.
 �Decide if you will have students work in small groups or individually.
 �Gather materials for students.

 Procedure
1. Introduce the activity to students. Explain the difference between a series and parallel circuit.
2. Demonstrate the proper way to connect the wires to the battery holders, switches, and light bulb holders. Answer any questions 

students may have.
3. Allow students enough time to complete the activity. If students finish early, have them compare the light bulbs when the batteries 

are connected in series and in parallel.
4. Reconvene the group and discuss their results. Ask them the advantages and disadvantages for wiring circuits in series and in parallel.
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Activity 3 – Complete the Circuit
&Background
Students will use a simple series DC circuit to determine if materials are conductors or insulators.

Objectives
 �Students will be able to categorize objects as conductors or insulators.
 �Students will be able to describe the properties of insulating materials and conducting materials.

  Materials PER STUDENT OR GROUP

 �Light bulb and holder
 �D-cell Battery and battery holder
 �Permanent marker
 �Various insulators and conductors
 �Insulated wire
 �Ruler
 �Wire cutter and stripper
 �Student Guide, page 39

2 Preparation
 �Decide if you will have the class work on this activity all together, or as a part of a rotation of Activities 1-4.
 �Decide if you will have students work in small groups or individually.
 �Gather materials for students.

 Procedure
1. Preview the activity with students. Define conductor and insulator for students who need a refresher on the terms.
2. Demonstrate the proper way to use the wire cutter and stripper.
3. Show students how to connect the stripped wire to the battery holder and light bulb holder.
4. Allow students sufficient time to complete the activity.
5. When students have finished their work, reconvene the class and discuss the objects that were conductors and insulators. 
6. Create and project a chart of the conducting and insulating objects for students. Ask students what each group of objects has in 

common besides conduction or insulation. Allow students ample time to consider their responses.
7. On the projected list, type the qualities or properties that students provide. Help students move from specific objects to general 

properties of conductors and insulators.
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Activity 4 – What’s the Better Fit?
&Background
Proper selection and sizing of hand tools is a skill that students wishing to pursue a career in the trades need to master. This activity gives 
students practice using screwdrivers, wrenches, and pliers, and provides experience in selecting the correct size tool for the fastener they 
are using.

Objectives
 �Students will be able to properly use hand tools.
 �Students will be able to select the appropriate hand tool for the fastener with which they are working.

  Materials PER STUDENT OR GROUP

 �1 Peg board
 �Screwdrivers of assorted sizes
 �Bolts, nuts, screws, and washers in a variety of sizes
 �Pliers
 �Crescent wrenches in a variety of sizes
 �Student Guide, page 40

2 Preparation
 �Decide if you will have the class work on this activity all together, or as a part of a rotation of Activities 1-4.
 �Decide if you will have students work in small groups or individually.
 �Gather materials for students.

 Procedure
1. Introduce the activity, explaining that students will be working individually or in small groups to become familiar with selecting 

appropriate hand tools for various fasteners.
2. Hold up and demonstrate each hand tool, identifying the parts and their intended uses. Emphasize the ways the tools can be mishandled 

and how it is both dangerous and expensive to do so, as using tools inappropriately can cause accidents or damage to the tools.
3. Allow students sufficient time to complete the activity.
4. When students have completed their work, reconvene the group and discuss the conclusion questions listed on the activity.

Extensions
 �Have a contractor or two come in and demonstrate the tools relevant to his or her specific line of work. Ask the contractor to explain how 
proper selection, use, and care of his/her/their tools is important.
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Activity 5 – Science of Electricity Model
 Objective

 �To demonstrate how electricity is generated.

!   Caution
 �The magnets used in this model are very strong. Refer to page 7 of this guide for more safety information.
 �Use caution with nails and scissors when puncturing the bottle.

  Materials

              

   

DO NOT CUT WIRE
BETWEEN COILS

 BOTTLE

ta
p
e

ta
p
e

ta
p
e

ta
p
e

10 cm

10 cm

 �1 Small bottle
 �1 Rubber stopper with ¼” hole
 �1 Wooden dowel (12” x ¼”)
 �4 Strong rectangle magnets
 �1 Foam tube
 �1 Small nail

 �1 Large nail
 �Magnet wire
 �Permanent marker
 �1 Pair sharp scissors
 �Masking tape
 �Fine sandpaper

 �1 Push pin
 �1 Multimeter with alligator clips
 �Hand operated pencil sharpener
 �Ruler
 �Utility knife (optional)

 Procedure
 �Assemble the model per instructions.
 �Demonstrate the model  and ask students to describe how electricity is generated based on 
what they see.
 �Ask students to complete the worksheet on page 41 of the student guide.
 �Hold a class discussion on how the model could be enhanced or improved.

2Preparing the Bottle
1. If needed, cut the top off of the bottle so you have a smooth edge and your hand can fit 

inside. This step may not be necessary. If necessary, a utility knife may be of assistance.
2. Pick a spot at the base of the bottle. (HINT: If the bottle you are using has visible seams, 

measure along these lines so your holes will be on the opposite sides of the bottle.) Measure 
10 centimeters (cm) up from the base and mark this location with a permanent marker.  

3. On the exact opposite side of the bottle, measure 10 cm up and mark this location with a 
permanent marker. 

4. Over each mark, poke a hole with a push pin. Do not distort the shape of the bottle as you 
do this.  
CAUTION: Hold a rubber stopper inside the bottle behind where the hole will be so the 
push pin, and later the nails, will hit the rubber stopper and not your hand, once it pokes 
through the bottle.

5. Widen each hole by pushing a nail through it. Continue making the hole bigger by circling 
the edge of the hole with the side of the nail. (A 9/32 drill bit twisted slowly also works, using 
a rubber stopper on the end of the bit as a handle.)

6. Sharpen one end of the dowel using a hand operated pencil sharpener (the dowel does not 
have to sharpen into a fine point). Push the sharpened end of the dowel rod through the first 
hole. Circle the edge of the hole with the dowel so that the hole is a little bigger than the dowel.

7. Remove the dowel and insert it into the opposite hole. Circle the edge of the hole with the dowel so that the hole is a little bigger than 
the dowel. An ink pen will also work to enlarge the hole. Be careful not to make the hole too large, however.

8. Insert the dowel through both holes. Hold each end of the dowel and swing the bottle around the dowel. You should have a smooth 
rotation. Make adjustments as needed. Take the dowel out of the bottle and set aside.

9. With a permanent marker, label one hole “A” and the other hole “B.”
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Generator Assembly: Part 1
1. Tear 6 pieces of tape approximately 6 cm long each and set aside.
2. Take the bottle and the magnet wire. Leave a 10 cm tail, and tape the wire to the bottle 

about 2 cm below hole A. Wrap the wire clockwise 200 times, stacking each wire wrap on 
top of each other. Keep the wire wrap below the holes, but be careful not to cover the 
holes, or get too far away from the holes.

3. DO NOT cut the wire. Use two pieces of tape to hold the coil of wire in place; do not cover 
the holes in the bottle with tape (see diagram).

4. Without cutting the wire, move the wire about 2 cm above the hole to begin the second 
coil of wraps in a clockwise direction. Tape the wire to secure it in place.

5. Wrap the wire 200 times clockwise, again stacking each wrap on top of each other. Hold 
the coil in place with tape (see diagram).

6. Unwind 10 cm of wire (for a tail) from the spool and cut the wire.
7. Check your coil wraps. Using your fingers, pinch the individual wire wraps to make sure the 

wire is close together and close to the holes. Re-tape the coils in place as needed.
8. Using fine sandpaper, remove the enamel coating from 4 cm of the end of each wire tail, 

leaving bare copper wires. (This step may need to be repeated again when testing the 
model, or saved for the very end).

Rotor Assembly
1. Measure 4 cm from the end of the foam tube. Using scissors, carefully score a circle around 

the tube. Snap the piece from the tube. This piece is now your rotor.
2. On the flat ends of the rotor, measure to find the center point. Mark this location with a 

permanent marker. 
3. Insert the small nail directly through the rotor’s center using your mark as a guide.
4. Remove the small nail and insert the bigger nail. 
5. Remove the nail and push the dowel through, then remove the dowel and set aside. Do 

NOT enlarge this hole.
6. Stack the four magnets together. While stacked, mark one end (it does not matter which 

end) of each of the stacked magnets with a permanent marker as shown in Diagram 1.
7. Place the magnets around the foam piece as shown in Diagram 2. Make sure you place the 

magnets at a distance so they do not snap back together. 
8. Wrap a piece of masking tape around the curved surface of the rotor, sticky side out. Tape 

it down at one spot, if helpful.
9. Lift the marked end of Magnet 1 to a vertical position and attach it to the rotor. Repeat for 

Magnets 2, 3, and 4.
10. Secure the magnets in place by wrapping another piece of masking tape over the magnets, 

sticky side in (Diagram 3).

WARNING: These magnets are very strong. Use caution when handling. See page 7 for more information.

Generator Assembly: Part 2
1. Slide the sharp end of the dowel through Hole A of the bottle.
2. Inside the bottle, put on a stopper, the rotor, and another stopper. The 

stoppers should hold the foam rotor in place. If the rotor spins freely 
on the axis, push the two stoppers closer against the rotor. This is a 
pressure fit and no glue is needed.

3. Slide the sharp end of the dowel through Hole B until it sticks out 
about 4 cm from the bottle. 

4. Make sure your dowel can spin freely. Adjust the rotor so it is in the middle of the bottle.
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Assembly Notes
 �The stoppers can be cut in half so that one stopper is made into two, to allow for more materials. These often slide more easily on the 
dowel. This must be done using sharp scissors or a utility knife,  and can often be dangerous. As this step is not required (the kit supplies 
you with two stoppers to use), exercise extreme caution. 
 �If the foam rotor fits snugly on the dowel, put the stoppers on the outside of the bottle to help center the rotor in the bottle. Leave enough 
space to allow free rotation of the rotor. 
 �The dowel may be lubricated with lip balm or oil for ease of sliding the stoppers, if necessary.
 �If a glue gun is available, magnets can be attached to the rotor on edge or on end to get them closer to the coils of wire. Use the magnet 
to make an indentation into the foam. Lay down a bead of glue, and attach the magnets. If placing the magnets on end, however, make 
sure they clear the sides of the bottle for rotation. 

Testing the Science of Electricity Model
1. Connect the leads to the multimeter to obtain a DC Voltage 

reading.
2. Connect one alligator clip to each end of the magnet wire. 

Connect the other end of the alligator clips to the multimeter 
probes.

3. Set your multimeter to DC Voltage 200 mV (millivolts). Voltage 
measures the pressure that pushes electrons through a circuit. 
You will be measuring millivolts, or thousandths of a volt. 

4. Demonstrate to the class, or allow students to test how 
spinning the dowel rod with the rotor will generate electricity 
as evidenced by a voltage reading. As appropriate for your 
class, you may switch the dial between 200 mV and 20 volts. 
Discuss the difference in readings and the decimal placement.* 

5. Optional: Redesign the generator to test different variables 
including the number of wire wraps, different magnet 
strengths, and number of magnets. 

 
*Speed of rotation will impact meter readings.

Troubleshooting
If you are unable to get a voltage or current reading, double check the following:

 �Did you remove the enamel coating from the ends of the magnet wire?
 �Are the magnets oriented correctly?
 �The magnet wire should not have been cut as you wrapped 200 wraps below the bottle holes and 200 wraps above the bottle holes. It 
should be one continuous wire.
 �Are you able to spin the dowel freely? Is there too much friction between the dowel and the bottle?
 �Is the rotor spinning freely on the dowel? Adjust the rubber stoppers so there is a tight fit, and the rotor does not spin independently.

Notes
 �The Science of Electricity Model was designed to give students a more tangible understanding of electricity and the components required 
to generate electricity. The amount of electricity that this model is able to generate is very small.
 �The Science of Electricity Model has many variables that will affect the output you are able to achieve. When measuring millivolts, you can 
expect to achieve anywhere from 1 mV to over 35 mV. 
 �More information about measuring electricity can be found in NEED’s Secondary Energy Infobook. You may download this guide from  
shop.NEED.org.

Note: Your multimeter may look different than the one shown. Read 
the instruction manual included in the multimeter box for safety 
information and complete operating instructions.

(NOT USED)
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Activity 6 – Introduction to Materials Selection
&Background
This activity exposes students to some of the considerations and thought processes involved when engineers and designers choose 
materials for a specific application. Students are introduced to a Material Selection Chart and are asked to consider a limited number of 
materials with  limited number of provided properties to choose a material for a specific hydropower-related application.

 Objectives
 �Students will be able to explain part of the process engineers use to choose materials for an application.
 �Students will be able to discuss chemical and physical properties, and how they are different.

 Materials
 �Materials Selection Chart master, page 16
 �Internet access
 �Student Guide, page 42

2Preparation
 �Use the list provided, or make your own list, of hydropower applications for which students will make a material selection.
 �Prepare a copy of Materials Selection Chart master for projection.
 �If necessary, secure computer lab or internet access for students to complete the assignment.

Hydropower Applications for Materials Selection
 �Utility-scale penstock
 �Micro-hydro penstock
 �Diversionary culvert in micro-hydro
 �Turbine blade
 �Turbine casing
 �Generator casing
 �Generator windings
 �Connection fasteners (such as bolts) between water-carrying pipelines made of cast iron

 Procedure
1. Introduce the concept of materials science. Explain to students that materials scientists and materials engineers consider physical 

and chemical properties of different substances to choose the one that best meets the criteria for the application without being cost-
prohibitive.

2. Project the Materials Selection Chart master and explain its format to students. Ask students for which applications this specific chart 
might be used.

3. Explain the activity to students. Emphasize that they may or may not come to the same conclusions for their materials that industry uses 
because the students’ information and skill set are limited. Explain that the goal of the activity is to get experience considering specific 
properties of materials, not making a decision that is reflected in industry standards.

4. Provide students enough time to read the text, consider the application, do the research, and complete the activity.

Extensions
 �Invite materials engineering faculty from a local university engineering department to discuss careers in materials science with your 
students.
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Materials Selection Chart Master

MASTER
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Activity 7 – Exploring Gear Ratios
&Background
This activity uses small, plastic gears to help students understand gear ratios. An optional activity incorporates connecting a motor and 
variable resistor to drive the gears. Note:  The hole plate has two sizes of holes in it. The four corner holes are narrower and designed to 
provide a place for an immovable connection with a 3/8” dowel, such as mounting a motor. The other holes are wider and will allow the 
3/8” dowel to turn freely.

Objectives
 �Students will be able to provide a gear ratio for two simple gears.
 �Students will be able to calculate a net gear ratio for compound gears.
 �Students will be able to use a motor to drive gears.
 �Students will be able to effectively use a variable resistor to adjust a motor to drive gears.

 Materials PER STUDENT OR GROUP

 �1 Hole plate
 �4 Gears: 1 each of 10, 20, 40, and 50 teeth
 �1 Dowel rod, 3/8” in diameter by 12 inches long
 �1 Perpendicular block
 �1 Permanent marker
 �Ruler
 �Cutting tool (saw, knife, etc.)
 �1 DC motor with adaptor pin and mount (optional)
 �1 Variable resistor (optional)
 �1 D-cell battery with holder (optional)
 �3 Alligator clips (optional)
 �Student Guide, pages 43-44

2Preparation
 �If desired, cut the 3/8” dowel rods into pieces each 1½ inches long. Students can also do this to help save time in part one of the activity.
 �Using the instructions provided in the kit, insert each motor into the adaptor pin provided. The pin allows the motor to engage with the gears.
 �Decide if students will work individually or in groups.
 �Gather all materials and make them available to students.

 Procedure
1. Introduce the activity and explain that the activity is designed to help them understand gear ratios.
2. Allow students sufficient time to complete parts 1, 2, and 3.
3. The optional motor activity is to have students replace the “crank” with a motor and variable resistor in parts 1 and 2. Explain that 

students should adjust the speed of the motor until they can visually count the revolutions in a specific time frame, such as 10 seconds, 
to know the rpm of the gear. A dot with a permanent marker, or tiny piece of tape, will help students count accurately. Students may 
need to connect several compound gears to get a speed slow enough to accurately count rpm.

4. Have students use their measurement and the gear ratio to calculate the speed of the motor.

Extensions
 �Issue a challenge to students to combine gear sets between student groups to use them to reach an output speed of 1 rpm with the motor 
and variable resistor. Discuss why the gears become more difficult for the motor to turn as more gears are added.
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Activity 8 – Exploring Water Flow Demonstration
&Background
Understanding how objects can impede or change water flow is important when considering penstock construction in a hydropower 
project, whether utility-scale or micro-hydro. Even a very thin layer of scale buildup inside the pipe can significantly alter water flow. This 
activity is designed to help students understand how regularly-shaped objects change water flow.

Objectives
 �Students will understand the difference between laminar and turbulent water flow.
 �Students will be able to predict how a regularly-shaped object changes water flow.

 Materials
 �1 6-Foot length of rubber pipe insulation, inner diameter 1”
 �Hot glue gun
 �Marble or other round object
 �Heavy-duty plastic, building brick, or other flat, waterproof object
 �Sand, gravel, or pebbles as needed
 �Washer with outer diameter of 1” and inner diameter no more than ½”

 �Large beaker, pitcher, or other vessel for pouring water
 �Meter stick or board for support
 �Books or other objects for ramp support
 �Tape
 �Large bucket or dishpan, if a sink is not an option
 �Student Guide, pages 45-46

2Preparation
 �Prepare water flow troughs:

 �Cut rubber pipe insulation into 2-foot lengths, then slice each in half lengthwise, creating six half-tube pieces.
 �Leave two pieces free of obstructions.
 �Hot-glue a marble or other round object about ¼ way from the end of one trough (don’t measure).
 �Hot-glue a flat object, such as a piece of sturdy plastic or a small building brick, about ¼ way from the end of another trough.
 �Hot-glue a 1” outer diameter washer with small inner diameter on its edge so that it blocks another trough about ¼ way from the end 
and water can flow through the hole after it backs up behind the washer.
 �Use sand, gravel, pebbles, and hot glue to simulate hard-water scale building up on the inside of one trough. Ensure it is thick and 
rough enough to disrupt water flow. A simple build-up of hot glue is not sufficient to accomplish this.

 �Gather materials.
 �Decide if you will demonstrate to the whole class, or in small groups.
 �Fill the pitcher or beaker with water.

 Procedure
1. Build a support system for the water flow troughs using a meter stick or other board, and a stack of books or other support, such that 

the water trough will empty into a sink on the counter or large bucket or dishpan on the floor. The high end of the ramp should be 
about 5-7 cm high.

2. Lay one trough on the support. Explain to students that you are going to pour water through the trough, and you would like them to 
observe how water flows. Students may need to move closer to you to see what you are doing.

3. Pour water through the trough, allowing students to observe the water flow. Pour fast enough to keep a steady stream through the 
trough without overwhelming the sides of the trough.

4. Replace the straight trough with one that incorporates an “S” style curve. You may need to use some tape to hold the trough in place. 
5. Pour water through the curved trough, allowing students time to observe the way the curve alters the water flow.
6. Repeat steps 4 and 5 with the other 4 troughs. You may want to point out eddies if you think students are having trouble locating them, 

or you may decide to just allow students to observe without comment.
7. At the conclusion of the activity, discuss students’ answers to conclusion questions in the Student Guide.
8. Ask students why it is important to understand how obstructions alter water flow. Encourage them to think beyond just water into or 

out of a hydropower plant.

CONTINUED ON NEXT PAGE
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Extensions
 �PVC pipe, with an inner diameter of 2” or more, can be sliced lengthwise on a table saw to create troughs that will handle more water flow. 
In this case, a hose attached to a faucet with an adaptor might be a better option for water than pouring it from a pitcher.
 �Talk to contractors or hardware stores about having rubber pipe insulation donated to have a complete class set of troughs.
 �Build a trough that has obstacles in succession to see how disrupted water flow is compounded by repeated objects.

Activity 9 – Predicting Water Flow
&Background
After students have observed how different objects alter water flow, they are ready to move on to predicting how an irregularly-shaped 
object alters the flow of water through a trough. Students should pay attention to the surfaces of the objects they choose, noting curves 
or flat areas, as they make their predictions.

Objectives
 �Students will be able to predict and describe how an irregularly-shaped object alters the flow of water in an controlled environment.
 �Students will use the two empty troughs from Exploring Water Flow Demonstration and hold an object in place with their fingers.

 Materials PER STUDENT OR GROUP

 �1 Empty, straight water flow trough
 �1 Small, irregularly shaped object
 �1 Large beaker, jug, or pitcher of water
 �1 Meter stick or other sturdy support structure like a board

 �1 Science book or other object to form a ramp with the meter stick
 �1 Bucket or dish pan, if a sink with drain is not available
 �Masking tape (optional)
 �Student Guide, pages 47-48

2Preparation
 �Decide if you will have students working individually or in small groups.
 �Decide how many objects you wish to have students explore.
 �Gather materials for students.
 �Before the day of the activity, assign students to bring in objects to use in the activity.

 Procedure
1. Preview the activity for students. Explain that they are going to continue the work you did in the Exploring Water Flow Demonstration 

activity, but they are going to predict and then test their predictions about how objects they collect alter water flow.
2. Demonstrate for students the way they should hold their objects in place. Tell them they will not be hot-gluing them in place so that 

the water troughs can be used by other people and in future classes.
3. Allow students sufficient time to complete the activity. When students have finished, reconvene as a class.
4. Discuss the conclusion questions and ask students how accurately they had predicted the water flow alterations caused by their objects. 

Ask them what was surprising and if the water flow was more complicated than they had anticipated.
5. Ask students to project their objects to large-scale ones that would alter the flow of a stream bed or river. Would they have those objects 

removed? How would removing those objects affect the river ecosystem upstream or downstream from the hydropower plant?

Extensions
 �Take kids to a stream or small river site near your school. Have them observe how various objects, including curves, are affecting the speed 
and direction of the flow of water.
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Activity 10 – Hydropower Generator Model
&Background
This activity allows students the opportunity to use tools, select materials, and construct a hydropower generator that will actually generate 
a small amount of electrical power. The model described in this unit has been built and tested, but you should also feel free to modify it to 
fit your needs and to encourage your students to think about ways to improve the design. 

The procedure is broken into parts, and it may be beneficial or even necessary to assign the various parts of the procedure to different 
students or student pairs. Note that this activity will probably require at least two class periods to complete, and may need two to build 
the model and a third day to test it.

Objectives
 �Students will be able to describe the parts of their generator models and relate them to utility-scale hydropower.
 �Students will improve their construction skills in terms of hand tool use and following directions.
 �Students will be able to explain the parts of their models and how they function.

 Materials FOR ONE GENERATOR MODEL OR STUDENT GROUP

 �1 Pencil sharpener
 �1 Permanent marker
 �1 Rectangular plastic jug
 �1 Ruler
 �1 Sharp utility knife
 �1 Styrofoam hub 2.5” (6.3 cm) long
 �1 Wooden dowel rod
 �Rubber stopper
 �2 Compact discs
 �4 3/8 x 1” bolts
 �4 Disc magnets

 �8 Plastic spoons
 �Double-sided tape
 �Drill and drill bits
 �Hot Glue gun and glue sticks
 �Magnet wire
 �Motor
 �Digital multimeter
 �Alligator clips
 �Pulleys of assorted sizes (optional)
 �LEDs (optional)
 �Student Guide, pages 49-52

2Preparation
 �Gather and organize materials for student use. The CDs can be old or unreadable. Groups may share the two nails provided in the kit or 
gather additional nails. Groups will need to share the double-sided tape.
 �Make copies of the Turbine Component Template for student use.
 �Divide students into generator model assembly teams. The curriculum kit has enough materials to build six models. If you wish, assign 
roles within each team.
 �If you feel it would be helpful, prepare copies of the model diagrams for projection for students to reference while building the model.
 �Cut the foam tube into 6.3 centimeter (2.5 inches) lengths for the hubs. You will need to cut enough hubs for six groups of students.
 �Your kit has been furnished with two large spools of wire. These two spools should be sufficient for the construction of six turbine 
assemblies. Spools of wire will need to be shared.

 Procedure
1. Introduce the activity to students by first talking about the very strong magnets they will be using and explaining the safe way to 

handle them. Explain they should keep any magnetic-stripe cards, such as a debit card or credit card, away from the magnets. It would 
be best for students to empty their pockets into a safe, magnet-free area, before working.

2. Demonstrate the proper use of a digital multimeter, explaining the markings on the face and what they mean.
3. Assign students to a generator model assembly team.

CONTINUED ON NEXT PAGE
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4. Show students the diagram of the assembled model. Identify each part and explain that the procedure is divided into sections to 
assemble some parts together, then put those parts together into one complete model. 

5. Allow students ample time to complete the assembly. Be prepared to offer assistance or troubleshooting as students work.
6. Set up an area for testing. To keep messes to a minimum, you may want to have students test their models outdoors with a hose. If you 

must test indoors, use a garden hose with the adaptor supplied in the curriculum kit to supply water from your classroom faucet. Be 
prepared for water on the floor by having several old rags on hand.

7. Allow students to connect the digital multimeter to their generator models and select the appropriate setting.

 ! Magnet Safety
The magnets in the Science of Electricity Model and Hydropower Turbine Components are very strong. In order to separate them, students 
should slide/twist them apart. Please also take the following precautions:

 �Wear safety glasses when handling magnets.
 �Use caution when handling the magnets. Fingers can easily be pinched between the attracting magnets.
 �When you set the magnets down, place them far enough away from each other that the magnets won’t snap back together.
 �Tape should hold the magnets onto the rotors you’re creating. If you want something stronger and more permanent you can use hot glue.
 �When you are finished with the magnets and ready to store them, put a small piece of cardboard between them.
 �Keep magnets away from your computer screen, cell phone, debit/credit cards, ID badges, and medical devices.

Extensions
 �If time and materials permit, allow students to test their hypotheses about how to improve the output from their generator models.



22 ©2020     The NEED Project     Your Future in Hydropower Teacher Guide     www.NEED.org

Generator Model Diagrams

TOP VIEW OF MODEL COIL AND MAGNET ASSEMBLIES
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Activity 11 – Exploring Stream Flow
&Background
Understanding environmental impacts of hydropower projects begins with understanding stream flow. The way the water moves through 
an ecosystem, and the way a hydropower plant changes that flow, dramatically impact the species and health of the stream bed and 
surrounding environment. This method uses simple algebraic calculations and measuring techniques originally derived for citizen-scientist 
volunteer groups monitoring stream health in their communities. 

Engaging in this activity requires students be at an actual stream. You can take the class as a group, during school, to a site and engage in 
this activity plus Exploring Water Temperature and Dissolved Oxygen, or you can assign students to locate a stream in their community and 
conduct the activities on their own. Make sure students document their site well, have permission to access the site from property owners, 
and are always observing proper safety in and around the stream. You may decide to monitor the flow rate of a stream over the course of a 
semester or year to study how flow rate changes according to seasonal changes in temperature and precipitation.

Objectives
 �Students will be able to accurately measure the linear speed of water in a stream.
 �Students will be able to accurately measure the depth of a stream.
 �Students will be able to calculate the flow of a stream in cubic feet per minute given the speed of the water and the average depth and 
width of a stream.

 Materials
 �Easily accessible section of a moderately flowing stream
 �Heavy-duty string or twine
 �4 Stakes
 �Hammer
 �Tape measure, at least 20 feet
 �Waterproof yardstick or other implement to measure water depth
 �Twist ties

 �1 Orange ping pong ball, or toy that floats
 �Fishing net 
 �Stopwatch
 �Calculator (optional)
 �Tall, waterproof boots (waders or hip boots) (optional)
 �Student Guide, pages 53-54

2Preparation
 �If you are taking students as a class to a site, spend some time finding a location that is easy to access, reasonably straight, and at least six 
inches deep. Avoid streams with pools and be sure to secure permission to access the site if it runs through private property.
 �Familiarize yourself with the methods used in the procedure. The calculation uses the cross-sectional area multiplied by the length of the 
stream, and divided by the time taken for the floating object to travel the length measured. The resulting unit is volume, in cubic feet, per 
unit of time, seconds.
 �Gather materials for student use.

 Procedure
1. Introduce the activity, explaining that students will be working outdoors to measure the amount of water flowing through a stream bed.
2. Explain the procedure, using a diagram if necessary, so students will know what to do when they arrive on site.
3. Allow students sufficient time to complete the activity, including travel time.
4. If necessary, help students complete the steps to calculate the flow rate.
5. Use the conversion of 1 cubic foot = 7.48052 US gallons to calculate gallons per minute, if desired.
6. Ask students about their qualitative observations of the stream. What did they see moving? Was the water clear?
7. Ask students to compare their observed stream bed to the water flow demonstration done earlier in class. What object(s) in the stream bed 

were similar to observed objects in class? How did the stream flow differ from the water flow in the controlled environment in class?

Extensions
 �Use this activity along with Exploring Water Temperature and Dissolved Oxygen to study the overall health of the stream.
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Activity 12 – Exploring Water Temperature
&Background
The temperature of water is important to the health and viability of species living in a river or stream. Water flowing through a hydropower 
plant is often warmed as it turns the turbine and is discharged through the plant. Even a slight increase in temperature will affect the 
species living downstream.

Engaging in this activity requires students be at an actual stream. You can take the class as a group, during school, to a site and engage in 
this activity plus Exploring Stream Flow and Dissolved Oxygen, or you can assign students locate a stream in their community and conduct 
the activities on their own. Make sure students document their site well, have permission to access the site from property owners, and are 
always observing proper safety in and around the stream. You may decide to monitor the temperature of a stream over the course of a 
semester or year to study how water temperature changes according to seasonal changes in air temperature and precipitation.

Objectives
 �Students will be able to properly measure the temperature of a flowing stream.
 �Students will be able to explain how fluctuations in temperature can affect species living in a stream.

 Materials
 �Easily accessible section of a moderately flowing stream
 �Thermometers, temperature probe, or data logger (from kit and your own supply)
 �Permanent marker (optional)
 �Long pole or stick and tape or string (optional)
 �Student Guide, pages 55-56

2Preparation
 �If you are taking students as a class to a site, spend some time finding a location that is easy to access, reasonably straight, and at least six 
inches deep. Avoid streams with pools and be sure to secure permission to access the site if it runs through private property.
 �The thermometers in the kit are not intended to be submersed under water. It may be helpful to secure a slice of a pool noodle on the 
thermometer probe just under the electronic section of the thermometer so that it can float upright and is not accidentally dropped into 
the water by students.

 Procedure
1. Preview the activity and explain to students what they will be doing. Emphasize the importance of water safety. Remind students that 

thermometers should not be completely submersed in the water.
2. On site, help students decide if several measurements should be taken, or if one measurement will truly be representative of the entire 

stream’s temperature.
3. If you study the temperature of the stream over the course of the year, discuss how air temperature may or may not be impacting water 

temperature.

Extensions
 �Work with a biology or environmental science teacher to expand the study to include a list of species residing in the stream. Some schools 
or local government or environmental organizations have kick-seine nets and other supplies you can borrow to do this. Have students 
research how an increase in temperature of the water would impact the species living in the stream.
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Activity 13 – Dissolved Oxygen
&Background
The student text lists several water quality factors that influence the health of a stream ecosystem. Some of these factors are very difficult 
to measure, and others are relatively easy for students or volunteers to assess. The chemistry involved in monitoring dissolved oxygen 
is complicated, but the technique is relatively simple. However, because the chemistry is complex, we recommend that you purchase 
a commercially-available test kit to complete this activity. The reagents are pre-mixed and calibrated, and the calculation methods are 
relatively straight-forward. All of this information is specific to each kit you might purchase, so we are not including a specific procedure in 
the Student Guide, rather just a general procedure for you to follow.

The Environmental Protection Agency has a lot of useful information about dissolved oxygen and test kits in its website archive. Navigate 
to https://archive.epa.gov/water/archive/web/html/vms52.html to access this information. Whichever test kit you purchase, make sure 
you understand the instructions so you can assist your students in using it.

Engaging in this activity requires students be at an actual stream. You can take the class as a group, during school, to a site and engage in 
this activity plus Exploring Stream Flow and Exploring Water Temperature, or you can assign students to locate a stream in their community 
and conduct the activities on their own. Make sure students document their site well, have permission to access the site from property 
owners, and are always observing proper safety in and around the stream. You may decide to monitor the dissolved oxygen level of a 
stream over the course of a semester or year to study how dissolved oxygen changes according to seasonal changes in air temperature 
and precipitation.

Objectives
 �Students will be able to properly sample for and measure dissolved oxygen in a stream.
 �Students will be able to explain how fluctuations in dissolved oxygen affect the health of a stream ecosystem.

 Materials
 �Easily accessible section of a moderately flowing stream
 �Dissolved oxygen test kit
 �Student science notebooks

2Preparation
 �If you are taking students as a class to a site, spend some time finding a location that is easy to access, reasonably straight, and at least six 
inches deep. Avoid streams with pools and be sure to secure permission to access the site if it runs through private property.
 �Follow directions on the test kit and prepare solutions ahead of time if necessary.

 Procedure
1. Introduce the activity to students. 
2. Demonstrate the proper procedure for collecting a water sample. 
3. Explain the steps and reagents in the test kit that will be used to measure dissolved oxygen. Define what it means to “fix” a sample.
4. Have students record data in their science notebooks. This activity can easily be conducted at the same time and in the same location 

as the stream flow and temperature activities.

Extensions
 �If you wish, purchase a pH test kit for water quality testing specifically designed for monitoring stream health. Conduct the pH test at the 
same time as the dissolved oxygen test.
 �Combine this activity with the water temperature and stream flow activities and create a mini unit out of monitoring stream health over 
time by visiting the same site several times over the course of the semester or school year.
 �Invite an environmental scientist or member of a local water conservation organization to speak to your class about the importance of 
maintaining water ecosystem health.
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Activity 14 – Personality Party
&Background
This fun activity incorporates team building and role play to help students reflect on what it might be like to work with one another. In 
this activity, students will be assigned to small groups. Each group member will pick a personality party card, for which they must assume 
the personality trait. They will work together to complete a team building task but may only act in a manner that represents their selected 
personality trait. By the end students will hopefully understand that in every group, folks assume different roles. Sometimes, those roles 
and their associated personalities can make things tricky. By exploring these types of traits in a safe way, students may see how they might 
be the best team member for school group work, and eventually in their future careers. 

Objectives
 � Students will be able to identify how various personality traits can help or hinder the completion of a collegial task.
 � Students  will be able to work through a challenge, designing a procedure and solving problems as they work.

 Materials
 �Cardstock
 �6 Cups per group (paper or plastic, all the same size) 
 �Rubber bands
 �String
 �Scissors
 �Personality Party Cards, pages 28-29
 �Student Guide, pages 57-58

2Preparation
 �Print the Personality Party Cards on cardstock. Make enough copies so each group has a set. If you wish to expand the group size to 6, we 
have included a blank card to incorporate an extra personality. Choose to discard or incorporate this as needed. 
 �Fold the cards on the dotted line so that one side reads “Personality Party” and the other lists the personality and its description. 
 �Cut the cards apart and clip sets together or place each set into an envelope or bag.  
 �Preview the procedure below. Test out the cup stacking challenge or watch a video by searching “cup stacking rubber band.”
 �Assemble the string tools students will use in the cup stacking team building activity.  Cut one 18” string per student. Tie 4-5 strings 
onto the rubber band so that they are equally spaced and are still as close to 18” as possible, while tightly knotted. (You could also have 
students assemble the strings for you.) 
 �Gather the materials and set up stations for each group. 

 Procedure
1. Split students into groups of 4-5. 
2. Give each group a set of cards, cups, and a string tool (strings tied to a rubber band). 
3. Ask each student to draw a card from the stack, read it, but keep it secret.  Explain that in their group, this card now describes their 

personality. As a group, they will solve a challenge, but with each individual role playing their personality card.  
4. Explain the challenge. Tell students they must work together as a team to take all of their cups out of the stack and restack 

them into a pyramid of 3 - 2 - 1 using ONLY the tool provided. They may NOT use their hands to pick up, shift, or move the cups.  
NOTE: For younger or less adroit students, it may be helpful to conduct the activity on the floor rather than the table. Additionally, 
frustration can also be reduced by starting with the cups placed out, but not in a stack.

5. Give students one minute to consider how their new role might approach this group challenge. 
6. Ask the groups to begin role playing, but first, they should strategize as a group. Tell the class you will give them the signal to begin. 
7. Give students a few minutes to tackle the challenge while assuming the roles on their cards. Remind students they should be acting out 

the personality on their cards.  

CONTINUED ON NEXT PAGE
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8. As students complete the challenge, ask them as a group to see if they can identify their fellow group members’ personalities. 
9. Have a class discussion and itemize the possible negative and positive aspects of each personality in a group work setting.  Ask 

students how you might combat the negatives to make the group more in sync. Discuss how in some working environments or groups, 
individuals might alter their personalities. What might be some reasons for this alteration?  Why might it be a struggle to have a group 
of 5 strong leaders? Why might it be a struggle to have 5 cheerleaders? 

Extensions
 �Adapt the string stacking challenge to make different stacking shapes, adding more cups, or incorporating a timer. 
 �Ask groups to redistribute their personality cards to attempt a different personality. 
 �Ask students to create their own, appropriate personality cards based on observations working with groups in school, sports, or otherwise. 
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Personality Party Cards

Personality Party

KNOW IT ALL:

Someone who has all the answers and knows how 
to solve every problem. This person often doesn’t 
receive suggestions from others well and does 
not respond to feedback of any kind. Sometimes 
this person is easily annoyed with those that have 
different ideas and also those that have NO ideas. 

Personality Party

CHEERLEADER:

Someone who is always positive and supportive 
of others.  This person likes to achieve the desired 
outcome and will provide encouragement to stay 
focused. Although this person wants everyone to 
feel great about their work, sometimes this person 
clashes with others because their positivity is not 
well-received. 

Personality Party

GROUCH:

Someone who is annoyed about most things and 
brings their bad mood to every task. This person is 
annoyed by people and by tasks, and often finds 
something negative to say about any task, project, 
or even success. This person is not necessarily 
pushy or loud, and perhaps will contribute to 
group work, but they will let you know they are 
unhappy about it.
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Personality Party

LEADER:

Someone who is comfortable tackling any task, 
even if they are not the most familiar with it. This 
person enjoys directing others and figuring out 
where each team member could be helpful. This 
person likes to pitch in, check in on others, and 
occasionally is challenged by others with leadership 
behaviors. Sometimes leaders may butt heads with 
others if they feel their ideas are being challenged. 

Personality Party

PROCRASTINATOR:

Someone who understands exactly what to do but 
works better pushing the task off until later.  This 
person often works better under pressure or time 
constrictions but will also pass their work or tasks 
off to others until they feel the pressure to take part. 
This person is not lazy or incapable, but may exhibit 
a lot of stress when they are feeling pressure to get 
involved. 

Personality Party
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Activity 15 – Experimenting with Micro-Hydropower Generation
&Background
As the demand for carbon-neutral energy sources increases, many individuals or small businesses are turning to micro-hydropower as a 
source of electricity. In general, micro-hydro refers to systems below utility-scale, that are intended to power a single building, on down 
to a single device. The generator in your kit is sized to power a device or two. Students will see how water flow affects output as the water 
going through the generator decreases in volume and pressure.

Objectives
 �Students will understand how water flow affects micro-hydropower applications.
 �Students will understand how water pressure affects micro-hydropower applications.

 Materials
 �1 Micro-hydro generator unit
 �1 Garden hose (self-provided)
 �1 Hose adapter 5/8”  to 1/2” NPT thread
 �1 Garden hose 5/8” cap
 �1 Bucket – 5 gallon - (self-provided)
 �1 Output hose and fitting 1/2” NPT thread
 �Student Guide, pages 59-60

2Preparation
 �Decide if you will allow students to conduct the activity or if you will do most of the work while students observe. If you use this as a 
demonstration, a more detailed procedure is in the Student Guide.
 �Identify a location for students to complete the activity. Secure approval to use that area during class.
 �Gather materials for student use.
 �Gather some rags or towels to clean up any spilled water indoors.

 Procedure
1. Introduce the activity. Show students the small generator, and identify all the parts. Show them the input and output openings. Pass 

the generator around to students so they can see all the parts.
2. Allow students sufficient time to complete the activity.
3. If time and water supply permit, allow students to experiment with pressure by varying the height of the input hose relative to the 

generator.
4. Reconvene class and discuss students’ answers to the conclusion questions in the Student Guide.

Extensions
 �If you know of an individual or business that has installed a micro-hydro system, arrange for that person or group to speak to the class, 
or arrange for students to visit the site.
 �Curate a few videos from the YouTube channel, MrHydrohead, for students to watch. The channel is about an off-grid, micro-hydro system 
installed in the Colorado Rocky Mountains. The link to the channel is https://www.youtube.com/user/MrHydrohead.

https://www.youtube.com/user/MrHydrohead
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SCIENTIFIC CONCEPTS SCIENTIFIC INQUIRY DATA/OBSERVATIONS CONCLUSIONS

4 Written explanations illustrate 
accurate and thorough 
understanding of scientific 
concepts.

The student independently 
conducts investigations and 
designs and carries out his 
or her own investigations.

Comprehensive data is collected and thorough 
observations are made. Diagrams, charts, 
tables, and graphs are used and labeled 
appropriately. Data  and observations are 
presented clearly and neatly with appropriate 
labels.

The student clearly communicates what was 
learned and uses strong evidence to support 
reasoning. The conclusion includes application 
to real life situations.

3 Written explanations illustrate 
an accurate understanding of 
most scientific concepts.

The student follows 
procedures accurately 
to conduct given 
investigations, begins 
to design his or her own 
investigations.

Necessary data is collected.  Observations are 
recorded. Diagrams, charts, tables, and graphs 
are used appropriately most of the time. Data is 
presented clearly, and neatly.

The student communicates what was learned 
and uses some evidence to support reasoning.

2 Written explanations illustrate 
a limited understanding of 
scientific concepts.

The student may not 
conduct an investigation 
completely, parts of the 
inquiry process are missing.

Some data is collected. The student may lean 
more heavily on observations. Diagrams, charts, 
tables, and graphs may be used inappropriately, 
have some missing information, or are labeled 
without 100% accuracy.

The student communicates what was learned 
but is missing evidence to support reasoning.

1 Written explanations illustrate 
an inaccurate understanding of 
scientific concepts.

The student needs 
significant support to 
conduct an investigation.

Data and/or observations are missing or 
inaccurate.

The conclusion is missing or inaccurate.

Inquiry Explorations and Science Notebook Rubric
This is a sample rubric that can be used with inquiry investigations and science notebooks. You may choose to only assess one area at a 
time, or look at an investigation as a whole. It is suggested that you share this rubric with students and discuss the different components.

Rubrics For Assessment
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Check Out The Hydropower Portal!
This portal was sponsored by the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, Water Power Technologies 
office, and is part of a larger open energy information site supported and maintained by the National  Renewable Energy Laboratory.

openei.org/wiki/Hydropower/STEM

openei.org/wiki/Hydropower/Hydropower_Basics

Hydropower Basics

STEM

Resources
Explore a variety of STEM resources for hydropower, including 
education and training programs, educator resources, and career 
pathways.

Career Pathways
This database of day-in-the-life professional profiles and case stud-
ies is available to help educators learn and teach about hydropow-
er. We want to make it easy for educators at all levels to quickly find 
these materials that will help energize students around a hydro-
powered future and related concepts.

When flowing water is captured and turned into electricity, it is 
called hydroelectric power or hydropower. Hydropower is the 
largest source of renewable electricity in the United States, allows 
the nation to avoid 200 million metric tons of carbon emissions 
each year, and is responsible for more than 300,000 jobs with the 
potential to create thousands more.

Hydropower has been using water to make electricity for over 
a century. Water constantly moves through a vast global cycle, 
evaporating from lakes and oceans, forming clouds, precipitating 
as rain or snow, then flowing back down to the ocean. Because 
the water cycle is an endless, constantly recharging system that is 
not reduced or used up in the hydropower process, hydropower is 
considered a renewable energy.

There are several types of hydroelectric facilities, all powered 
by the kinetic energy of flowing water as it moves downstream. 
Turbines and generators convert the energy into electricity, which 
is then fed into the electrical grid to be used in homes, busi-
nesses, and by industry. Hydropower facilities provide a number of 
benefits in addition to producing electricity, such as flood control, 
irrigation, water supply, and a range of recreational opportunities.
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SOCIAL MEDIA
Stay up-to-date with NEED. “Like” us on Facebook! Search for 
The NEED Project, and check out all we’ve got going on!

Follow us on Twitter. We share the latest energy news from 
around the country, @NEED_Project.

Follow us on Instagram and check out the photos taken at 
NEED events, instagram.com/theneedproject. 

Follow us on Pinterest and pin ideas to use in your classroom, 
Pinterest.com/NeedProject.   

Subscribe to our YouTube channel!
www.youtube.com/user/NEEDproject

NEED’S SMUGMUG GALLERY
http://need-media.smugmug.com/

On NEED’s SmugMug page, you’ll � nd pictures of NEED students 
learning and teaching about energy.  Would you like to submit 
images or videos to NEED’s gallery? E-mail info@NEED.org for 
more information. 
Also use SmugMug to � nd these visual resources:

Videos
Need a refresher on how to use Science of Energy with your 
students? Watch the Science of Energy videos. Also check out our 
Energy Chants videos! Find videos produced by NEED students 
teaching their peers and community members about energy.

Online Graphics Library
Would you like to use NEED’s graphics in your own classroom 
presentations, or allow students to use them in their 
presentations? Download graphics for easy use in 
your classroom. 

E-Publications  
The NEED Project o� ers e-publication  versions of 
various guides for in-classroom use. Guides that 
are currently available as an e-publication can be 
found at www.issuu.com/theneedproject.

NEED’s Online Resources

AWESOME EXTRAS
Looking for more resources? Our Awesome Extras page contains 
PowerPoints, animations, and other great resources to 
compliment what you are teaching in your classroom! This page 
is available under the Educators tab at www.NEED.org.

Evaluations and Assessment
Building an assessment? Searching for standards? Check out our 
Evaluations page for a question bank, NEED’s Energy Polls, sample 
rubrics, links to standards alignment, and more at 
www.NEED.org/educators/evaluations-assessment/.

NEED Energy Booklist
Looking for cross-curricular connections, or extra  
background reading for your students? NEED’s booklist  
provides an extensive list of � ction and non� ction titles for 
all grade levels to support energy units in the science, social 
studies, or language arts setting. Check it out at
www.NEED.org/booklist/.

U.S. Energy Geography
Maps are a great way for students to visualize the energy  
picture in the United States. This set of maps will support 
your energy discussion and multi-disciplinary energy  
activities. Go to www.need.org/resources/energy-in-society/ 
to see energy production, consumption, and reserves all over 
the country!
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Evaluation Form
Your Future In Hydropower

State: ___________     Grade Level: ___________     Number of Students: __________

1. Did you conduct the entire unit?  Yes  No

2. Were the instructions clear and easy to follow?  Yes  No

3. Did the activities meet your academic objectives?  Yes  No

4. Were the activities age appropriate?  Yes  No

5. Were the allotted times sufficient to conduct the activities?  Yes  No

6. Were the activities easy to use?  Yes  No

7. Was the preparation required acceptable for the activities?  Yes  No

8. Were the students interested and motivated?  Yes  No

9. Was the energy knowledge content age appropriate?  Yes  No

10. Would you teach this unit again?  Yes  No
 Please explain any ‘no’ statement below.

How would you rate the unit overall?  excellent  good  fair  poor

How would your students rate the unit overall?  excellent  good  fair  poor

What would make the unit more useful to you?

Other Comments:

Please fax or mail to: The NEED Project
 8408 Kao Circle
 Manassas, VA 20110
 FAX: 1-800-847-1820
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