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Integrated STEM Lesson Plan

Topic   Optimizing a Flight
Grade Level   High School
[bookmark: _GoBack]Time   1hr 30 minutes, 1 week
Standards  

Next Generation Science Standards (NGSS)
HS-ETS1-4 Engineering Design
Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem.

HS-ETS1-2 Engineering Design
Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.

HS-PS2- Motion and Stability; Forces and Interaction
Analyzing data in 9–12 builds on K–8 and progresses to introducing more detailed statistical analysis, the comparison of data sets for consistency, and the use of models to generate and analyze data.
Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order to make valid and reliable scientific claims or determine an optimal design solution.
Common Core Math Standards (CCSS)

CCSS.MATH.CONTENT.HSG.MG.A.3
Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with typographic grid systems based on ratios).

CCSS.MATH.CONTENT.HSN.Q.A.3
Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

CCSS.MATH.CONTENT.HSF.IF.B.4
For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. 

CCSS.MATH.CONTENT.HSF.IF.B.6
Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph.

Background
Engineers start with designing and testing several different models of an airplane before they get the approval to build a real one. They typically must work under specific constraints or limits, including the purpose of the airplane. By testing different models of planes, engineers can determine which one is best for distance, speed and other factors. In the airplane activity students will build five different paper airplane designs and test them for distance and for time aloft. Students will also  explore NASA developed software, FoilSim, with respect to the lift of an airfoil and the surface area of a wing. Some advanced students will design 3D models of their planes on computer using Fusion 360 CAD software.
Justification
I chose this activity as a design challenge to encourage STEM learning and show my students connection between their learning and its real-world applications. It also shows cross- curricular connection among different subjects. By design, the program engages students in collaborative problem solving, identifying challenges and solutions according to fixed parameters, and communicating their activities to their peers, all of which are 21st century skills required by today’s workforce. 
Objectives
· Create a paper model of an airplane to use in experiments (DOK 1)
· Use their observations of paper airplane flight to explain flight (DOK 2)
· Find the average distance of flight trials (DOK 2)
· Explain how engineers often create small-size models of new products to test designs (DOK 3)
· Calculate the percent change of model design changes in order to evaluate and improve a paper glider ((DOK 2)
· List the four forces of flight (DOK 1)
· Define and calculate mass, acceleration and force (DOK 1)
· Apply Laws of Motion (DOK 4)
· Calculate the area of the wings for each plane (DOK 1)
· Calculate distance travelled by each paper plane and how much time each of them take ((DOK1)
· Chart the distance travelled in a certain time along with the airplane name (DOK 2)
· Identify the variables(DOK1)
· Graph and compare the path of flights using distance and time (DOK 2, DOK3)
· Draw the conclusion and reflect on it (DOK3)

Materials
· ruler, graph paper, paper clips, scissors, tape measure, tape, glue, 
· papers of different weight and sizes,
· 1 of the 4 paper airplane designs in the Plane Patterns Handout and its associated Plane   
Design Instructions; vary designs among students Distance-Time Aloft Worksheet completed examples of each of the 4 paper airplane designs
Technology needed
a. Computer, calculator, graphing calculator, 
b. Internet, Fusion 360 for CAD, FoilSim (NASA developed software)
c. overhead projector to show the Plane Overhead Transparency and Distance/Time Table.

ENGAGE
I will start by asking students what is an airplane? What is a glider? Students will try to guess the difference. 
A glider is what we call a light, engineless aircraft, or in our activity today, a paper airplane.
 Students will watch a visual of an airplane with all the parts labeled. 
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Students will watch a video to understand the aerodynamics of a flight.
https://www.youtube.com/watch?v=5ltjFEei3AI
I will explain that paper airplanes are gliders. They have a main body, and generally two wings. Some are more complex, with tails, rudders and flaps. The wings compress the air below the paper airplane, creating high pressure, and thus the airplane is able to "sit" and glide on the air. Moving the rudders, ailerons, or flaps up or down can change the flight path of an airplane. For example, folding down the wing flaps can result in a nosedive and folding up the flaps can point the airplane in an upward direction. 
Students will discuss and brainstorm ideas of how they can make paper airplanes fly further and with more control. Why don't all planes have the biggest wing area possible? Why do some fighter jets have small wings?" (ANSWER: There are other factors that contribute to lift, such as velocity and shape of the wing. The weight of a plane is also very important.) Students can investigate these other factors by going through the lessons that are part of FoilSim.
I will then talk about how engineers use models to improve the design of airplanes. One important part of the design process is keeping track of each design change and its effect on the airplane. If a team of engineers makes five simultaneous changes to an airplane design and the plane flies further than before, how can they determine which change was responsible for the improvement? The improvement may have been the result of one change or all the changes combined. The engineers must know how each design change affects the airplane—either positively or negatively.

EXPLORE and EXPLAIN
Brainstorming: Students will generate a number of possible ideas for airplane design as part of brainstorming initial ideas in open-ended design. I will list ideas on the classroom board and students record their favorite ideas on their worksheets.
· Our engineering challenge is to increase flight distance. How can we make our planes fly further and with more control? (Possible answers: Change the angle of the nose, change the tail/rudder design, add flaps, etc.)
· What are all the different ways you can design a paper airplane?

Lesson Procedure
1. Students will be divided in pairs and I will give students instructions for construction of a paper airplane Students should give their plane a name using the aviation alphabet. 
2. I will demonstrate one or two paper airplanes and list factors they may know about that would affect flight (for example, plane shape, wing shape, weight, weight at the nose, tails, flaps, rudders, etc.).
3. They will get to try several plane designs using their instructions.
4. I will explain students the method to measure flight distance and flight time, such as the following:
· Set out cones every five feet and have students estimate their flight distance based on the cones.
· Have students individually measure their flight distances using tape measures or meter sticks.
· Have students use a stopwatch to time how long their planes stay in the air.
5. Students will fly their planes in the gym or hallway or other large indoors area (to eliminate wind effects) 3 times, each time trying for maximum distance. Students will record all 3 flight distances and times on their Distance-Time Aloft worksheet.
6. Students will change their plane design by changing wing size.
7. Students should determine the area of the wings of their planes by unfolding their planes and lay out basic geometric shapes to fill the wing area. They will then calculate the total area from the sum of the areas of the shapes.
8. Students will test their other 2 designs, again recording the distances and time aloft. They will record distances in both feet and meters, or convert between the two units.
9. They will compute on their worksheets the average flight times and distances for the three plane designs.
10. Students will put their data onto a graph, one graph of time aloft vs. wing area and the other of distance vs. wing area using Paper Plane Activity Graphs.
11. I will conclude with a class discussion in which students share and compare results from the graph and conclusions, as if they were engineers. I will ask for predictions as to what would happen if the wings were made smaller.
EXTEND
Those students who are done before time, may choose one of the following extension activities:
12. Students will try the activity by adding additional airplane parts or weight using paper clips. They will use the Plane Tactics Worksheet to record model changes being tested and flight distances, calculate percent change, and answer questions. They will review their data and answers to gauge their mastery of the subject and concepts.
13. Students will investigate their results using FoilSim. With this software you can investigate how an aircraft wing produces lift by changing the values of different factors that affect lift.
14. Students learn CAD using Fusion 360 to design their best model.
EVALUATE
Assessment
· What are all the different ways you can design a paper airplane?
· Each group could make a presentation on their airplane and what made its design successful.
·  Students will list factors that they noticed affected their airplane model test flights. I will ask how they would change their designs if they had more time to work on them. 
· I will have them list some of the variables that affect flight (such as the weight of the plane's parts, wing shape, wing length, rudders, ailerons, plane length, etc.)
· Students can
· individually graph the experimental data and make a report
· explain the reasons for changes in design
· calculate average distance and average length
· calculate the area of geometric shapes and percent change in the area
·  list the four forces of flight 
· define and calculate mass, acceleration and force.
· define and apply Laws of Motion.
Activity Embedded Assessments:
Distance-Time Aloft worksheet.
Paper Plane Activity Graphs
Plane Tactics Worksheet 
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Figure 1. The main parts of an airpine.




