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STEP 2 

Standards 
NGSS Cross Cutting Concepts 

Energy and Matter 

Energy can be transferred in various ways and between objects. 

Systems and System Models 

A system can be described in terms of its components and their interactions. 

NGSS Disciplinary Core Ideas 
PS3.A: Definitions of Energy 

Energy can be moved from place to place by moving objects or through sound, light, or electric 
currents. (4-PS3-2) 

PS3.B: Conservation of Energy and Energy Transfer 

Energy is present whenever there are moving objects, sound, light, or heat. (4-PS3-2), (4-PS3-3) 

Energy can also be transferred from place to place by electric currents, which can then be used 
locally to produce motion, sound, heat, or light. (4-PS3-2), (4-PS3-4) 

NGSS Science and Engineering Practices 
Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 3–5 builds on K–2 experiences and 
progresses to the use of evidence in constructing explanations that specify variables that 
describe and predict phenomena and in designing multiple solutions to design problems. 

Apply scientific ideas to solve design problems. 

Lesson Summary 
Students will be able to use the process of design, 
test, reflect, and redesign to build a working 
circuit that lights a bulb. They will be able to draw 
diagrams to communicate models of design 
ideas. They will be able to use observations from 
their investigation to support an explanation of 
how energy might flow through a working circuit. 

(Approx. total time: 1 hour) 
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Planning and Carrying Out Investigations 

Planning and carrying out investigations to answer questions or test solutions to problems in 3–5 
builds on K–2 experiences and progresses to include investigations that control variables and 
provide evidence to support explanations or design solutions. 

Make observations to produce data to serve as the basis for evidence for an explanation of a 
phenomenon or test a design solution. 

Developing and Using Models 

Modeling in 3–5 builds on K–2 experiences and progresses to building and revising simple 
models and using models to represent events and design solutions. 

Use models to describe phenomena. 

Objectives 
By the end of the lesson, students will 

Know (facts/information): 
§ A circuit is a pathway necessary for energy to flow through a system.

§ Batteries are an energy source.

§ Models represent ideas.

§ There can be more than one way a working system can be designed.

Understand (concepts, big ideas): 
§ Energy is present in different forms as it moves through natural and human-made

systems.

§ Systems thinking can be useful in understanding interactions in the world and designing
solutions to challenging problems.

Be able to do (skills/behaviors/scientific and engineering practices): 
§ Draw a diagram of a simple energy system.

§ Give evidence and observations to support their ideas.

§ Listen actively to one another.

Vocabulary 
§ circuit: a complete pathway or loop through which electricity can flow

§ energy source: a material that can be used to produce energy for human needs

§ model: a representation of an object or a system that is used to communicate ideas
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Materials 
§ Student Materials:

¡ Chart paper and markers (optional)
¡ Basic Circuit Kit (1 per student):

o Wire, 22-gauge, insulated - two 12” pieces, stripped
o D battery
o Small incandescent light bulb
o Bulb holder (optional)
o Battery holder (optional)
o Science journal or notebook paper

Instructional Strategies 
Link to Prior Knowledge (5 minutes) 

Review systems thinking. 

Today you are going to design and construct your own working energy system. Each pair will get 
these materials. Turn to your partner and discuss these materials using the vocabulary words on 
the board. Decide what might be the input, output (evidence of energy), and the components. 
When you think you have a good way to describe these materials, raise your hand. 

Words on the board should include: energy system, components, evidence of energy, input, and 
output.  

After the discussion, have one pair explain the system. It should generally be: the battery is the 
input, the light will be the output and evidence of energy, the wire, battery, and light bulb are the 
components, and when they are connected, they will be a working energy system. 

Instruction (45 minutes) 

Discuss the design, test, reflect, and redesign strategy for building a circuit. 
Pass out materials. 

Now you have all of the components of the energy system, but they are not working together 
yet. Today we are going to approach our work like a scientist. We are going to design, test, 
reflect, and redesign. 

Write design, test, reflect, and redesign on the board with space. 

Make sure that vocabulary words are written on a word wall for students and the steps of the 
process are written on chart paper for reference.  
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The first step (design) is to brainstorm and model your design with a diagram and a sentence. 
The second step (test) will be to build your design and see if it works. The third step is to think and 
discuss with a partner (reflect) about why your system worked or did not and record your 
thinking in a sentence. The fourth step is to use the ideas in the reflection to make a new model 
(redesign) including a new diagram and a new sentence. Then the process starts over again 
with test. Even if your first energy system works, you should design another way for your system to 
work or ask me for extra components to add to your system. 

First you are going to brainstorm and design. Turn to your partner and discuss how you might 
make this energy system work. Then draw a model of the system before you put it together 
physically. Scientists use models to describe what they are thinking. A model is a representation 
of an object or a system that is used to communicate ideas. 

Ask questions and provide support as students draw diagrams (models) of 
simple circuits and test them out to see if they work. 

Now draw a model to show one design for your energy system. Make sure that each 
component is clearly drawn so that anyone could use your model to construct the energy 
system the way you designed it. After you draw your model, write a sentence telling why you 
think this system design will work. Try to use as many of our scientist words as possible. After I 
check your first model and explanation, you are free to test your design by building it. 

During the investigation, students should make accurate drawings of their attempts, noting those 
that work and those that do not work. They may choose to work with a partner or independently.  

Make sure to remind them to follow the process of design, test, reflect, and redesign. Pairs may 
need guidance particularly at the reflect part. For reflection on why the system did not work they 
should ask questions like: 

§ What is the function of that component?

§ Go through each component and think about why it is or is not working in the system.

§ Carefully observe each component for clues on proper use. Particularly the (-) and (+)
sign on the battery. Give them a clue that it might be important to how the battery
functions in a system.

For reflection on redesign of a working system they should ask questions like: 

§ How is this working design different from the non-working design?

§ What must I keep from the working design and what do I think is okay to change
around?

Emphasize in reflection that it is not just guessing. They should try to use information from 
everyday life and prior lessons. They should be able to support their redesign with reasons.  

Note: It is not important that their reasons be absolutely scientifically sound, but they must be 
clear and logically support their changes in design.  

Emphasize the importance of recording observations and the results of attempts that seem 
“unsuccessful.” This information will be a valuable reference for students as they use it to 
discuss and reflect upon their experiences and build their knowledge of simple circuitry ideas. 
Explain that new discoveries in science often result from paying attention to what doesn’t work. 
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Allow time for students to explore. Make sure they discuss ideas with a partner or groups. 
Encourage them to use each other as resources and challenge them to find as many ways as 
possible to light the bulb. (There are four configurations that work; see the teacher diagram at 
the end of the lesson plan of simple circuit configurations.)  

Enjoy the positive energy of students’ excitement and energy of motion as they find solutions to 
this design challenge.  

Note: Students that finish early can be given a second bulb and/or battery to use in constructing 
a more complex circuit. They may observe that the lights are not as bright when the battery is 
providing energy to both bulbs, or that the bulb is brighter when 2 batteries are connected (test 
first to make sure it doesn’t blow the bulb!). 

Closing (15 minutes) 

Lead a discussion that allows students to compare and contrast a working 
and non-working circuit design. 

Ask students to have their notes about their designs out. Discuss findings during a science talk. 
Have chart paper or a clean section of a white/chalk board available for students to share their 
findings and keep a wire, bulb, and battery on hand in case students need to demonstrate their 
findings. 

Today you designed and constructed an energy system using a battery as an energy source. 
Even though it is awesome that you all got a system to work, it is even more important to use this 
process to form ideas about why your system worked. So we are going to talk about that 
together. Could someone please draw a model of a non-working energy system that they 
designed? Could someone please draw a model of a working energy system that they 
designed? 

Have diagrams side by side on chart paper and ask the students if the diagrams are clear. If they 
are not, allow the class to collectively suggest corrections.  

Turn to your partner and discuss all the differences between the working and non-working 
models. Then decide with your partner what you think is the most important difference. 

Discuss the differences with the class, then write the word CIRCUIT on the board. 

Scientists have a word for the idea you are describing. They call this loop a circuit. It is a 
complete pathway for energy to travel. What I would like you to do now is turn to your partner 
and discuss what might be happening inside the system where we cannot see. The battery is our 
input, our energy source- what is happening with the energy inside each component in a 
working system? What about in the non-working system? 

Allow students to discuss what energy might look like inside the system. Then elicit ideas from 
the students and draw their models of energy in the systems on the board as they direct you. Ask 
them to pick one of the models to draw in their notebooks of energy in a working system. Then 
ask them to write an explanation about what they observed during their investigation that 
supports this model.  
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Assessment 
Listen to pair dialogue, looking for use of vocabulary and science principles particularly in their 
reflection phase. Look at diagrams and explanations at all steps. 
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Planning Page 
Students will be able to use the process of design, test, reflect, and 
redesign to build a working circuit that lights a bulb.  

Link to Prior Knowledge (5 minutes)
Review systems thinking. 

Instruction (45 minutes)
Discuss the design, test, reflect, and redesign strategy for building a circuit. 

Ask questions and provide support as students draw diagrams (models) of simple 
circuits and test them out to see if they work. 

Closing (15 minutes)
Lead a discussion that allows students to compare and contrast a working and 
non-working circuit design. 
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Lesson 2.4 STUDENT HANDOUT 

This lesson was adapted with permission from a lesson designed by: Dunn, M. and Farrin, L. 
(2009) Power Sleuth: Energy lights Maine. Augusta, ME: Maine Mathematics and Science 
Alliance and Efficiency Maine.  
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