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PATHWAY:  
Engineering Graphics & Design
COURSE:  

3D Modeling and Analysis
UNIT 10: 

ENGR-MA-10 Capstone Design Projects
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Annotation: 
The Capstone is traditionally a ‘real-world’ engineering problem or the development of a new product. The capstone project suggested involves preparation of a model with an accompanying research paper that would be competitive in the NASA space settlement design competition. The instructor will have all the components necessary for a true Capstone project that incorporates every aspect of the high school career curriculum and allows the student(s) an opportunity to develop a space colony or components or objects necessary in either construction or daily operations in a space settlement. The lesson plans provide a structure for students to follow in developing the space colony. What is exciting about this particular Capstone project is that students have an opportunity to explore, analyze and present original ideas in a career focus of their own choosing. Students present their ideas using all the knowledge acquired in engineering design. 
Grade(s):  

	
	9th

	
	10th

	
	11th

	x
	12th


Time:  
20 Hours
Author:  
Dr. Catherine Turner
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
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GPS Focus Standards: 
CTAE-FS-4
Problem Solving and Critical Thinking: Learners define and solve problems, and use problem-solving and improvement methods and tools.
CTAE-FS-8
Leadership and Teamwork: Learners apply leadership and teamwork skills in collaborating with others to accomplish organizational goals and objectives.
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Enduring Understandings: 
Energy and matter have different properties and undergo certain changes that are important to understand. Motions and forces like circular motion, rocketry, weightlessness, and advanced propulsion need to be clearly understood for an object. It is also vital to know about the transfer of energy, the abilities of technological design, the diversity and adaptations of organisms, and the structure and function in living systems. These need to be understood in terms of natural and human-induced hazards, risks and benefits, and scientific inquiry.
Essential Questions: 
· What are the common words used in designing a major project like a space settlement?

· What factors need to be considered when designing a major project like a space settlement?
· What forces need to be understood to properly design a major project like a space settlement?

Knowledge from this Unit:  
Students will be able to: 
· Calculate the impact of properties and changes of properties in energy and matter 

· Determine the application of motions and forces on an object namely:
· Circular Motion 

· Rocketry 

· Weightlessness 

· Advanced Propulsion 

· Apply the transfer of energy in design

· Determine the impacts of populations, resources, ecosystems, and environments namely:
· Human Factors 

· Personal and community health 

· Population growth 

· Closed Ecosystems 

· Interdependence 

· Hydroponics
· Identify several natural and human-induced hazards in an eco-system

· Determine the risks and benefits in a designed project

Skills from this Unit:  
Students will:
· Design a prototype object that uses the properties and changes of properties in energy and matter 

· Use motions and forces in the design of a transportation system and/or a space settlement namely:
· Circular Motion 

· Rocketry 

· Weightlessness 

· Advanced Propulsion 

· Demonstrate a knowledge of populations, resources, ecosystems, and environments in a closed eco-system namely:
· Human Factors 

· Personal and community health 

· Population growth 

· Closed Ecosystems 

· Interdependence 

· Hydroponics
· Develop a plan that is proactive in relationship to natural and human-induced hazards while identifying risks and benefits for the design
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Assessment Method Type: 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	x
	Group project

	x
	Individual project

	x
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	_x_ Self-check rubrics   

__ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	x
	Subjective assessment/Informal observations

	
	__ Essay tests

_x_ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x_ Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	x
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_x_ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1: Introduction to Designing a Space Settlement

1.
Identify the standards. Standards should be posted in the classroom.

CTAE-FS-4
Problem Solving and Critical Thinking: Learners define and solve problems, and use problem-solving and improvement methods and tools.

CTAE-FS-8
Leadership and Teamwork: Learners apply leadership and teamwork skills in collaborating with others to accomplish organizational goals and objectives.

2.
Review Essential Questions. 
· What are the common words used in designing a major project like a space settlement?
· What factors need to be considered when designing a major project like a space settlement?

· What forces need to be understood to properly design a major project like a space settlement?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall.
	a, A
	A
	AC
	Acceleration
	Asteroids
	AU
	Beacon

	c
	Carrier
	Centrifugal Force
	Centripetal Force
	Centripetal Acceleration
	Comets
	CRT

	dB
	DC
	Density
	Downlink
	Dyne
	EMF
	Equator

	f,F
	Fluorescence
	G
	g
	Gamma Rays
	Gravitation
	Gravity Assist

	h
	IF
	Inclination
	Ion
	IR
	Isotropic
	k

	K
	Kilogram
	LASER
	Latitude
	Leap Year
	Light
	Light Speed

	Light Year
	Longitude
	LOX
	m, M
	Major Axis
	Maser
	Mass

	Meteor
	Meteorite
	Modulation
	Moon
	N
	Nadir
	NASA

	NiCard
	One-Way
	Photovoltaic
	Radian
	Reflection
	Refraction
	RF

	RFI
	ROM
	Satellite
	Second
	SI
	Solar Wind
	Specific Impulse

	Spectrum
	Two-Way
	UHF
	Uplink
	UT
	UV
	Velocity

	W
	Wavelength
	Weight
	X-ray
	Zenith


 Teachers refer to Glossary of Terms Handout
4.
Have students complete Space Settlement Crossword Puzzle
•
LESSON 2:  Major Components in Designing a Space Settlement

1.
Show Capstone Space Settlement PowerPoint
2.
Students will identify areas where they have a career interest to develop something or some part of the space settlement for their individual, small group, or whole group Capstone project. 
3.
One of the critical issues that needs to be determined is the main purpose for the space settlement. Research, colonization, retirement center, and entertainment are a few options available.  Students also need to determine the demographics of the permanent population. The objectives and populace will drive many of the other components of the space settlement. 
4.
Several handouts are attached to assist students with the various technology options available in the design of the space settlement. 

5.  
Students are prompted to submit ideas for possible Capstone projects to the instructor at the end of class after viewing the PowerPoint. They are also given the opportunity to think it over the night and turn in additional ideas the next day.

6.   
The instructor reviews the ideas with each individual student and confirms their idea for a Capstone project. 

7.
Each student will sketch out different versions and with the instructor and peer students, determines which design best ‘fits’ the space settlement. The student(s) will then prepare a finished working drawing with a presentation including a written piece with design specifications and other pertinent information for assembly and operation as applicable. 

8. 
Orbital Space Settlement Design Project Evaluation Rubrics is provided that students may use to assess themselves, their team, and other students and teams. 

•
LESSON 3: Peer Review

1. Even though only three lessons are written here for the Capstone Unit, a tremendous amount of time and effort on the part of the students are required to complete the project. Upon completion, each student or student group needs to get with a peer student or team and use the Orbital Space Settlement Design Project Evaluation Rubrics to evaluate the presentation. If the timing is correct for mid-March, the instructor may choose to submit each presentation directly to NASA for their competition. 
2. Attached is ATLAS Space Settlement Example Handout, an international award 3rd place tied individual winning entry from Jacob Miller at Ringgold High School for student consideration.

3. Also attached are NASA Request for Proposal Handout and Generic Request for Proposal Handout, two examples of a Request for Proposal for a space settlement for students to see how industry and government would go about obtaining information needed to construct an entire space settlement. 

4. Also attached is Business Plan for a Commercial Passenger Rocket Handout, a business plan for a commercialized passenger rocket for the students that are interested in aerodynamic industries for their Capstone Project. 

5. Several attachments contain basic information needed for an entire space settlement. 

•
ATTACHMENTS FOR LESSON PLANS:
Glossary of Terms Handout
Space Settlement Crossword Puzzle Activity Sheet
Capstone Space Settlement PowerPoint

Orbital Space Settlement Design Project Evaluation Rubrics 

ATLAS Space Settlement Example Handout
NASA Request for Proposal Handout
Generic Request for Proposal Handout
Basic information about the Solar System Handout
Business Plan for a Commercial Passenger Rocket Handout
Closed Ecosystems Handout
Human Needs in Space Handout
Advanced Propulsion Handout
Experiments in Space Handout
•
NOTES & REFLECTION: 

The flexibility involved with the space settlement Capstone is exciting where differentiation is made possible by student selection. 

The following attachments may be used as supplemental material: Basic Information about the Solar System Handout; Closed Ecosystems Handout; Human Needs in Space Handout; Advanced Propulsion Handout; and Experiments in Space Handout.
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Culminating Unit Performance Task Title: 
Capstone Project - See above
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
See above
Attachments for Culminating Performance Task: 
See above
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Web Resources:
NONE
Materials & Equipment: 
· The requirements for materials depend on the choices made by the individual student, student’s teams and the instructors. The students may choose to physically construct a model of their project as well as draw using the available software.
· Computer with internet access
· Projection equipment
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	x
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	x
	Wiki
	x
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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