Engineering Lesson Plan – Doemer, Eleanor
Context Issues of the Lesson

	Unit or Lesson Title:
	Alternative Energies – Reimagining Nuclear Power


	Grade Level
	High School (grades 10-12)


	Topic/Theme/Nature of the Investigation:
	Design Aspects for Nuclear Power Plant Safety


	NGSS Performance Expectation(s)

	HS-PS3-3.

Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
The above is the closest match to the desired action of critically evaluating potential/historical design imperfections of nuclear power plants.

	NGSS Dimension 1 component

	Practice 1 – Asking Questions and Defining Problems

This project also contains aspects of Practice 3 – Planning and Carrying Out Investigations, Practice 6 – Constructing Explanations and Designing Solutions (though notably no evaluation of design solutions based on criteria will be made), and Practice 7 – Engaging in Argument from Evidence (as will occur in group discussions of research findings and suggested changes/improvements).

Note: I would have chosen to focus on Practice 6 if I was designing this through the lens of science instead of engineering. But as the engineering description of this practice is so focused on evaluating proposed solutions with a set of predetermined criteria and the nature of this investigation precludes us from testing suggested solutions I felt that this project did not closely enough match Practice 6 for that to be the main identified component.

	NGSS Dimension 2 component

	Concept 2 – Cause and Effect

	NGSS Dimension 3 component

	HS-PS3-3

	Duration:
	2   90 Minute Class Periods


Students will investigate accidents at nuclear power plants. This guided investigation will lead them to question what went wrong and how a new nuclear power plant can be designed with fixes to these problems.
Planning Stages Within the 5-E Inquiry Model

	Engage

	PURPOSE:

· to convey the context of the lesson(s)/unit by conveying an important Key Question

· to engage students in investigations that reveal their thinking to themselves and the teacher

· to record the initial ideas of students 

· to engage their interest

	What is the teacher doing? What are the students doing?
1. The teacher will present the project prompt:

In the United States there has not been a steady rate of development and commissioning of new nuclear power plants. In fact following the Three Mile Island incident in 1979 there was a decrease in new production and development.  What caused this decrease?

2. Students will read online about the reactor accidents and the Three Mile Island accident (Go to http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html; click on ‘Nuclear Physics, then ‘Nuclear Energy’, and then ‘Problems of Nuclear Accidents’. Read through this page; then under the first section, click on the ‘Three Mile Island’ link and read that page.)
3. Students will discuss with their group why they think there was a decrease in the production and development of new nuclear power plants after the Three Mile Island accident.

4. After students read and discuss with their groups there will be a whole class discussion on the decrease in new nuclear power plants – if necessary this conversation will be guided to the expected conclusion that the decrease was greatly driven by the fears of the general public.

5. Teacher will question the class: ‘In order to convince the general public that we should keep researching, developing, and building nuclear power plants, what must we do?’

6. The class will discuss this question – if necessary the teacher will guide the class to focus on the improvement step of improving safety and making these improvements/changes visible to the general public.

	Explore

	PURPOSE:
· to test ideas and develop knowledge using explorations, investigations, experiments

· to modify and record ideas as they change due to activities

· to develop new questions and testable hypotheses

	Activities (list)
	Driving Question

	· The teacher will present the ultimate goal/product to the students:
You are an engineer working on a design for a new power plant you will need to present features of your design that you identify and change both to the Nuclear Regulatory Commission and at a public meeting in the towns near where you are planning to build the new power plant.
· Students will briefly research the basic design and operation of nuclear power plants and energy production.
· The students will research past nuclear accidents – focusing on those at nuclear power plants. 
(Go to this website: http://www.johnstonsarchive.net/nuclear/radevents/. This site is a chronological listing of radiation events. These are the extreme cases; we live around and use radioactive sources everyday and these events are not everyday occurrences. Near the top of the page, click on the FAQ link and read about why the Three Mile Island incident is not included in the list. Back on the main page and down a little farther is a chronological listing of radiation events. Read through the early entries of reactor accidents if you are interested (the early entries have very little detail). I want you to read through these the entries related to power plants: Idaho Falls 1955, K-19 submarine 1961, Hanford criticality 1962, Rockaway irradiator 1977, Constituyentes research 1983, Chernobyl reactor 1986, and Fukushima Daiichi reactor 2011.)
· Students will discuss their research findings with their group. The groups will come up with suggestions based on their research of the root causes of the accidents.
· Students will evaluate the root causes of accidents and determine what changes/improvements they believe to be needed due to these causes.

Student groups will present their decision making process and their chosen changes/improvements in brief group-teacher oral presentations.

The continuing project:

· Students will develop suggestions for how changes/improvements can be made based on their research as well as their knowledge of nuclear reactions and radiation.

· Student groups will create posters or power point presentations of nuclear power plant structure which highlight the changes/improvements they have made. This will be used in an oral presentation during which they will explain how they identified what needed to be changed and they explain the changes they are suggesting through the lens of their scientific understanding of nuclear power production and nuclear radiation. This later presentation will be made to the class as a whole.
	In what ways have nuclear power plants disastrously failed in the past? How can a nuclear power plant be made safer in light of problems discovered through investigation?


	Student Communication Product: (written report, oral presentation, poster, etc.)

(consider showing “Models” of student products to help student identify characteristics of quality)
Students will summarize their investigation, findings, and chosen changes/improvements in a brief oral presentation to the teacher only.


	Explain

	PURPOSE:

· to answer the Key Question through student explanations

· to provide students with relevant vocabulary, formal definitions and explanations of concepts



	Content Media: (written material, video, teacher lecture, technology)

Written material and technology will be utilized as students evaluate their chosen changes/improvements. 
Teacher lecture will be used based on informational needs identified during group-teacher presentations. 

Student Communication Product: (assessment, unit test, written report, oral presentation, poster, etc.) 

Students will produce both a visual (poster or power point) and oral presentation to highlight the changes/improvements they determined to be necessary as well as their suggestions for making these changes/improvements. During this presentation they will explain their suggestions utilizing their understanding of nuclear power production and nuclear radiation.


	Elaborate

	PURPOSE:

· to extend students' conceptual understanding through application or practice in new settings



	Activities:
Students will research changes made by currently operating nuclear power plants in the USA as a result of the Fukushima Daiichi reactor incident.
(Read about the changes initiated at the Palo Verde Nuclear Generating Station as a result of the Fukushima incident:  http://pbadupws.nrc.gov/docs/ML1231/ML12310A364.pdf. If interested in further investigation the changes initiated at other power plants can be researched here: http://www.nrc.gov/reactors/operating/ops-experience/japan-dashboard/japan-plants.html.) 
Content Media: (written material, video, teacher lecture, technology)

Written material through the websites referenced in the ‘Activities’ section.
Teacher lecture to explore any aspects of what students have read that they find confusing or incomplete.
Extending/Application Questions for Whole/Small Group Discourse:

Students will reflect on the changes they have just read about having been made at the Palo Verde Nuclear Generating Station. In their project groups students will discuss the changes that have been made – guiding questions for each change that is discussed:
1. What problem at the Fukushima Daiichi reactor is this change attempting to address?

2. How will this change keep the Palo Verde facility safe from having a reoccurrence of what occurred at the Fukushima Daiichi facility?
3. Explain the change made by the Palo Verde facility using your knowledge of nuclear power generation and nuclear radiation.
After discussion within project groups a brief whole classroom discussion will be held to summarize and combine the conclusions of each group’s reflection.
Student Communication Product (assessment): (unit test, written report, oral presentation, poster, etc.)

A written summary created by each group prior to reporting out during the whole classroom discussion.


	Evaluate

	PURPOSE:

Determine student understanding of scientific principles involved in making the generation of power within nuclear power plants safe. Evaluate student critical thinking and analysis skills in applying research discoveries to suggestions for changes/improvements to currently operating nuclear power facilities.


	Skill/Reasoning Learning Objectives
	Assessment Instrument

	Students critically analyzed historical nuclear events, identified problematic design aspects, and suggested changes/improvements which address these problematic design aspects. 

Students are reflective on their chosen changes/improvements when presented with changes made in industry.
	This will be assessed with the group-teacher oral presentation, the main presentation, and the group reflection summary written prior to whole class discussion and report out.

	Knowledge Learning Objectives
	Assessment Instrument

	Explanation of the scientific connection/explanation of the suggested changes/improvements.
	This will be assessed with the descriptions/explanations given during the oral presentation which is accompanied by the visual presentation.


Lesson Planning Template - - The 5 E’s


