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1. COURSE DESCRIPTION 

Application of engineering principles to the creative design process through redesign and original design. Topics include the creative design process, safety, engineering ethics, engineering economy, machine components, basic manufacturing techniques, technical communications, Computer Aided Design (CAD), measurement systems and project management methods.  Individual or group projects and reports.

1.1 Goals and Objectives 

1.1.1 Course Goal

Students will be able to plan and implement a high quality redesign or original design project in the context of a design team by using a variety of current design techniques.

1.1.2 Course Objectives

1. Students will demonstrate successful team interaction by effectively dealing with team conflict and distributing work equitably. 

2. Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments and basic engineering failure analysis. 

3. Students will demonstrate a basic understanding of cost analysis, materials selection, environmental considerations, legal issues and DFM as they apply to design. 

4. Students will exhibit proficiency in an industrially common CAD package by producing 3-D, dimensioned, assembly level drawings of complex parts. 

5. Students will competently present design concepts and results in written and oral design reviews. 

6. Students will demonstrate safety and competence in the use of lab power tools for construction of design projects. 

7. Students will gain industrial/real world design experience through examples and case studies. 

1.1.3 Mapping to Program Curricular Outcomes 

Check which Program Curricular Outcomes are fed by this course? Use Table format below:

	ME290 Course Objectives
	1a.  Application of the fundamental analysis concepts of engineering mechanics to solve engineering problems.
	1b.  Application of the fundamental analysis concepts of mechanical engineering to solve engineering problems
	2a.  Modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions.
	2b.  Modeling, design, and fabrication techniques of thermal and mechanical systems under real-world conditions
	3a.  Use of contemporary engineering mechanics analysis, design, and test tools.
	3b.  Use of contemporary mechanical engineering analysis, design, and test tools
	4.  Experimental techniques to include test design, execution, data analysis and interpretation.
	5.  Written and oral communications skills.
	6.  Knowledge of ethical and professional responsibilities.
	7.  Breadth and depth of engineering knowledge and skills to effectively identify and solve the types of complex, interdisciplinary problems they will encounter as Air Force engineers.
	8.  Ability to be effective interdisciplinary team members and leaders.
	9.  Skills to be independent life-long learners while knowing when to seek help.
	10.  Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers and citizens in our global society.
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1.2 Course Content – Course Syllabus 

	LESSON 
	TOPIC 
	READING REFERENCE 
	ASSIGNMENTS 
	DESCRIPTION
	Design Sketch Assignment
	Course Objectives

	1
	Introduction to Design Process 
	O&W Chapter 1 
	DUE: Team Building Questionnaires COB T1  
	This includes Meyers-Briggs Temperament Indicator, 6-Hats of Thinking Styles, and the Conflict Survey
	  
	2

	
	Design Notebooks, mousetraps, Lab Tour 
	
	Assigned Design Project #1 
	
	
	

	2
	Customer Needs -> Requirements 
	O&W Chp 3 
	  
	Sign up for which specialty you'd like to train in. 
	New Academy Backpack 
	2,4,5

	
	Clarification Questions  CAD 1 
	
	Sign up for Machine Tools 
	
	
	

	3
	Concept Generation, brainstorming, mind maps, morph matricies
	O&W Chp 9 
	  Design Contest 1 Due 
	We test your CD flingers.
	Grass Cutting 
	2,4,5,6

	
	Design Contest #1 
	
	
	
	
	

	4
	Basic Mech Drawing I, BOM 
	  
	Concept Generation Assignment Due
	Using what you have just learned about generating creative ideas, develop concepts for improving the Nerf Guns using Mind Maps and Morph Matrices.
	Auto Boot Shiner 
	2,4,5,6

	
	Hand/Power Tools /CAD
	
	
	
	
	

	5
	Reverse Eng. (Dissasembly) 
	O&W Chp 5 
	Toolbox purchased 
	You must have your tool box filled and ready for inspection. 
	Cover Retriever (reference flying cadet) 
	2,4,5,6,7

	
	Hand/Power Tools /CAD
	
	 
	
	
	

	
	 
	
	Teams Formed
	
	
	

	6
	Basic Mechanisms I, Linkages 
	MIT's version of ME290 
	Due: Personal Class Mission Statements 
	Your chance to tell your instructor what you want to get out of the class. 
	OTF Device 
	2,3,4,5,6

	
	Drill Press/ Band Saws /CAD
	
	
	
	
	

	7
	Redesign I Understanding Current System (Functional Decomp, Soln Principles) 
	O&W Chp 4 
	Linkage HW due 
	Homework based on the kinematics lesson. 
	Portable projection screen 
	2,4,5,6,7

	
	Drill Press/ Band Saws /CAD
	
	
	
	
	

	8
	Redesign II-Opportunities for change (Force Flow, Subtract and Operate, Combinability); 
	O&W Chp 7 
	Function Structure Due 
	You must develop a function structure for an existing system. 
	Baby Gate 
	2,4,5,6,7

	
	Wood Saws/ Metal Work CAD 
	
	Customer Need Surveys Due
	 
	
	

	
	 
	
	 
	Interviews with customers of your Nerf gun redesign.
	
	

	9
	Teamwork I – Understanding Group (MBTI) Shop  6/CAD 
	  
	Force Flow Due 
	Do a force flow on an existing system. 
	CST Kit 
	1,4,5,6

	
	Wood Saws/ Metal Work CAD 
	
	
	
	
	

	10
	Design Decision Making 
	O&W Chp 11 
	Character profiles due 
	Your reflection on the accuracy of the personality assessments and the you predictions on team dynamics. 
	Multimedia cabinet 
	2,3,4,5,67

	
	Lathe/ Advanced Wood/ CAD
	
	
	
	
	

	11
	Nerf Gun Day 
	  
	Pugh Due 
	Pugh Concept Selection of the best Nerf Gun ideas for your team. 
	Desk lamp 
	1,4,5,6,7

	
	Lathe/ Advanced Wood/ CAD
	
	
	
	
	

	12
	Design of Experiments  - Simplified Complex System Modeling, Eng Analysis 
	O&W Chp 18 
	Customer Surveys are due!
	 
	Bunk beds for USAFA 
	2,3,4,5,6

	
	Mill /CAD
	
	
	
	
	

	13
	Teambuilding II: Interpersonal skills
	  
	 
	 
	Engineering Uniform 
	1,4,5,6

	
	Mill /CAD 
	
	
	
	
	

	14
	Basic Mechanisms II, Gears and pulleys
	  
	CAD Package I due   
	CAD Drawing of Sharpie Pen 
	Personal Webpage 
	2,4,5,6

	
	CAD 
	
	
	
	
	

	15
	 
	  
	Nerf Gun Improvement Plan Due 
	You plan of what you are going to do to the gun and why.  Include a DOE of your current Gun performance and predicted max. 
	Desk Chair 
	1,5,6

	
	Nerf Trial Runs
	
	  Gear HW Due 
	Homework for rotational power transmission lesson.
	
	

	
	CAD 
	
	 
	 
	
	

	16
	Requirement Management/ Specification generation.
	  
	  
	 
	Computer pointing device 
	2,3,4,5,7

	
	CAD 
	
	
	
	
	

	17
	Mini Mechanisms/ Manufacturing 
	  
	Redesign Complete 
	 
	Picnic basket 
	1,5,6,7

	
	Nerf Shootout 
	
	  
	
	
	

	18
	Teamwork III CAD 
	  
	 Manufacturing Assignment done. 
	Turn in what you have manufactured to get your blue dot.  If the techs deem it of quality work, you will be awarded your blue dot.
	Cadet health monitoring device for BCT 
	1,4,5

	19
	GR #1 
	  
	  
	 
	Design a Sand dune sport without motor vehicles 
	1,2,3,4,5,6,7

	20
	Teamwork IV 
	  
	Nerf Gun After Action due 
	After action report that describes what went right and what went wrong and how you would change things if you had another chance. 
	 
	1,5

	
	Design Contest Kick-Off 
	
	Redesign CAD 
	
	
	

	
	  
	
	 
	
	
	

	21
	Concept Generation II – Concept Variance 
	  
	CAD Package II Due 
	Your final CAD turn in of all four CAD projects.
	 
	2,4,5

	
	
	  
	
	
	
	

	22
	Project Management, Gantt Charts, Scoping, Requirement/Spec Correlation Matrix 
	  
	  
	 
	 
	2,3

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	23
	Design Review
	  
	Team Morph/ Concept Variance/Gantt Chart 
	Your team's first cut at concepts for the final design contest. 
	 
	1,3,5,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	24
	Subsystem prototype presentation
	  
	Rough System Proto Due 
	Prototype to demonstrate full functionality of a major subsystem.  Which subsystem you prototype must be approved by your instructor. 
	 
	1,6,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	25
	Team Review
	  
	Team Assessment I 
	Your chance to let your instructor and the team know how things are going. 
	 
	1,5

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	26
	Kits passed out and discussed
	  
	System CAD Due 
	Complete CAD assembly of your design for the final contest.  Required before you can start purchasing parts from the company store. 
	 
	1,3,4,5,6,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	27
	Mechatronics/Contest Controller
	  
	  
	 
	 
	2,5,6

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	
	Electronics Lab Session
	
	
	
	
	 

	28
	House of Quality 
	  
	 Requirement/Spec Correlation Matrix Due
	 
	 
	2,3,5,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	29
	 
	  
	House of Quality Due 
	House of Quality based on your requirements and specs.  This will help you decide what requirements and specs to focus your efforts on. 
	 
	1,2,3,5,6,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	30
	Mini Mechanisms/ Manufacturing 
	  
	 
	 
	 
	1,2,3,5,6,7

	31
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	32
	Mini Mechanisms/ Manufacturing 
	  
	System Analysis Due 
	Performance and failure analysis of your system at the level of Physics 110 and EM120.  Yes, Engineering is good for you! 
	 
	1,2,3,4,5,6,7

	33
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	34
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	35
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	36
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	37
	Go/No Go System Test 
	  
	  
	Full System functionality required for grade. 
	 
	1,2,3,5,6,7

	
	Mini Mechanisms/ Manufacturing 
	
	
	
	
	 

	38
	Mini Mechanisms/ Manufacturing 
	  
	  
	 
	 
	1,2,3,5,6,7

	39
	Mini Mechanisms/ Manufacturing   
	  
	Team Assessment II 
	One final chance to let it all out before the competition. 
	 
	1,2,3,5,6,7

	40
	Design Competition   
	  
	 
	 
	 
	1,2,3,5,6,7

	41
	After action review   
	  
	Final Design Report 
	After the contest you will consolidate all of your design knowledge and lessons learned into a single comprehensive narrative on your project.  Photos and everything. 
	 
	1,2,3,4,5,6,7

	42
	Critical Design Review & Course Critique 
	  
	  
	 
	 
	1,5


1.2.1 Summary of Graded Events 

· Graded events mapped to course objectives

· Time allotted to graded event 

· Percentage of overall grade

	Assignment
	Description
	Points Possible
	Percentage of Total Grade
	Course Objectives met
	Time Alloted

	Team Building Background Questionnaires
	This includes Meyers-Briggs Temperament Indicator, 6-Hats of Thinking Styles, and the Conflict Survey.
	30
	1%
	1
	60 min

	Design Contest #1
	What can you do with the energy of a single mouse trap?
	60
	2%
	6
	60 min



	Concept Generation HW (brainstorm, mind-map, Morph Matrix)
	Using what you have just learned about generating creative ideas, develop concepts for improving the nerf guns.
	60
	2%
	2
	20 min



	Customer Needs
	Your list of Nerf Gun redesign Requirements based on customer interviews.
	60
	2%
	2
	30 min

	Personal  Mission Statement
	Your chance to let your instructors know what you want out of the class. 
	30
	1%
	1,7
	15 min

	Linkage HW
	Homework based on the kinematics lesson.
	60
	2%
	2
	60 min

	Function Structure
	You must develop a function structure for an existing system.
	60
	2%
	2
	60 min

	Force Flow
	Do a force flow on an existing system.
	60
	2%
	2
	40 min

	Character profile
	Your reflection of the accuracy of the personality assessments and your predictions of the team dynamics.
	30
	1%
	1
	30 min

	Nerf Gun Improvement Plan and Pugh Chart
	Your plan of what you are going to do to the gun and why, including your team Pugh Concept Selection Chart for your best ideas
	120
	4%
	2,3,1,5
	90 min

	CAD #1
	First CAD project where you show how you've mastered AutoDesk Inventor.
	90
	3%
	4
	120 min

	Nerf Gun Project
	Nerf Gun Nerf Gun Project.
	150
	5%
	1,2,3,6
	480 min

	Nerf Gun After Action Report
	After action report that describes what went right and what went wrong and how you would change things if you had another chance.
	40
	1%
	1,2,3,5
	120 min

	Gear HW
	Homework for the rotational power transmission lesson.
	60
	2%
	2
	30 min

	Nerf CAD
	Complete assembly drawing of your Nerf Gun.
	60
	2%
	1,4
	360 min

	Manufacturing Project
	The artifact you create to get your blue dot in the lab.
	60
	2%
	6
	120 min

	GR
	Test of course.
	400
	13%
	1,2,3,4,5,6,7
	360 min

	Prog IP
	Nuff Said
	70
	2%
	 
	0 min

	Final CAD lessons
	Final CAD project, an animated assembly drawing of a wood plane. Or you can do lesson 18,19, and 20 You are now Inventor Masters!
	100
	3%
	4
	240 min

	Team Concept Generation/Gantt
	Your team's first cut at systems for the final design contest as well as your first cut on a schedule for the project.
	90
	3%
	1,2,3
	60 min

	rough system proto
	Prototype to demonstrated full functionality of a major subsystem.  Which system you prototype must be approved by your instructor.
	150
	5%
	1,6,5
	240 min

	Team Assmnt I
	Your chance to let your instructor and the team know how things are going.
	60
	2%
	1
	15 min

	Sys CAD
	Complete CAD assembly of you design for the final design contest.  Required before you can start purchasing kit parts.
	120
	4%
	1,4,2,3
	480 min

	HOQ
	House of Quality based on your requirements and specs.  This will tell you which requirements and specs to focus on.
	60
	2%
	1,2,3
	45 min

	System Analysis
	Performance and failure analysis of your system at the level of Physics 110 and EM120.  Yes, engineering is good for you!
	140
	5%
	1,2
	60 min

	Team Assmt II
	One final chance to let it all out before you go into the competition.
	60
	2%
	1
	15 min

	Manufacturing Briefing
	15 min presentation on a manufacturing topic you pick with instructor approval
	60
	2%
	5,6,7
	120 min

	Final Contest
	Let the games begin!!!
	400
	13%
	1,2,3,4,5,6,7
	960 min

	Final Report
	After the contest you will consolidate all of your design knowledge and lessons learned into a single comprehensive narrative on your project.  Photos and everything!
	200
	7%
	1,2,3,4,6,7
	120 min

	Final IP
	Nuff Said
	60
	2%
	 
	0 min

	Overall
	 
	3000
	100%
	 
	


1.3 Course Placement 

1.3.1 Course Flow Map  - Visual illustration of Pre/Co/Post-Reqs
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Figure 1: Course flow map for ME290.  Not previous included in other years is the connection as the common experience for all analytical courses.

1.3.2 Prerequisites  

1.3.2.1 Physics 110

· Energy Balance

· Rotational Speed

· Normal Friction

· Basic Kinematics

· Basic Performance Analysis (Speed, torque)

1.3.2.2 EM120

· FBD’s

· Stress/Failure Analysis

· Factor of safety

· Combined loading analysis

· Material Selection

1.3.3 Courses Fed – ME491, ME491

1.3.3.1 Every single course topic feeds these course.  The ability to address and cope with ill-defined problems feeds every course in the ME and EM curriculum.  The efforts at concept embodiment leave students with a better understanding and context for advanced analytical methods.

1.3.4 Replacements and Waivers   NONE

1.4 Course Policies  - Course policy letter excerpts

INTRODUCTION

Welcome to ME290, Introduction to Design!!!  You will spend more time and effort on this class than any other you will take at USAFA.  ME290 will also be more fun than any other class you will experience at USAFA.  In this class you will move from mechanical tinkerer to engineering designer.  You will begin assembling your own set of tools to create any mechanical design you can imagine.  In this class you will receive extensive training on a vast variety of machine tools, some basic mechanism design, and many formal design methods that will improve both the quantity and quality of designs that you invent.

We will also discuss topics beyond the generation of ideas and details of gear ratios.  We will delve into aspects of team building, the importance of intellectual property in today’s workplace and how to protect yours, recent trends in design to decrease manufacturing cost and environmental impact , and have fun along the way!

COURSE STRUCTURE

This is a four credit double hour class and we will use every bit of it.  The first part of the course we will focus on reverse engineering, concept generation, and redesign.  There will be two design contests during the first half, a CD tossing contest and a Nerf gun redesign effort.  The second part of the course we put these tools to serious work as well as cover some aspect of program management and tackle the final design contest!  In the spirit of the famed MIT 2.70 contest, you will compete in head-to-head gladiatorial combat against teams from the entire class for the honor of being the best designers at USAFA.

You will work on these projects in small design teams. Design is called a "divergent" activity because there is rarely one correct answer. Each team strives to develop a design to fully meet the customer's requirements. At various times you will work individually, in your teams, and as a class. Design notebooks will be turned in and graded on a frequent basis. This is done in order to help you stay on schedule as well as to give you systematic feedback on you design project’s progress. Both the redesign and the original design will culminate in a final competition.

TEXT BOOKS

Mech Engr 290 uses the book Product Design by Otto and Wood

This text never became available so we dropped it.

Some notes on graded events:

1. Peer reviews may be used to redistribute grades among group members for group assignments. 

2. Manufacturing Presentations 

3. These are meant to be 15 minutes presentations on a specific manufacturing process as approved by the course instructor 

4. Make use of powerpoint and other media rich communication aids 

5. Will work in groups of two for this assignment 

6. The following information must be present in the presentation 

· Typical Application of parts 

· Tolerances available 

· Surface finish 

· Materials available 

· Cost of Manufacturing 

· Capital investment 

· Individual part costs 

· Local vendor 

· Real example of parts 

· Process description 

· Environmental concerns 

7. IP points will be awarded by each instructor based on additional work, class participation and perceived attitude. 

8. As in all Engr. Mech. Courses, you are still responsible for preparing assignments correctly when you miss class. 

For team assignments you may work with any instructor in the course, your team partners, any other Academy instructor, and written resources (texts, trade journals, etc.). If you obtain help from other than team partners, you must give due credit to that source. 

For individual assignments you may use written resources, but the research must be your own and the sources referenced. If there is any doubt about the rules, consult your instructor, who is the final authority. 

Much of the efforts in ME290 are team based.  If, in the instructor’s opinion, you are not a full and equitable contributor to the team performance, the course director reserves the right to assign zero points for the group work, thereby ensuring a failing grade. 

As CAD Training is predominately individual in nature, before you ask your peers or instructors for help, you are required to first make use of the tutorials provided on the website. 

1.5 General Course Delivery 

All course material was delivered via the intranet site.  The text was not published in time.  Although this type of asynchronous course delivery required cadets to take more ownership of their own learning, overall it was pretty effective.  

1.6 Changes from Previous Offerings 

· Great Scott were there changes…  First I will addresses the changes based on the recommendations from the previous course review package.  Then I will discuss the other changes made and the informed whim of the course director with the help and assistance of his adept instructors.

1.6.1 3.2 Recommendation 1 was not implemented on the recommendation of the CAC.  This recommendation called for the elimination of Objective 3.  The addition of the mini-manufacturing briefings went a long way to address the concerns on Objective 3.  Additionally, the implementation of the “Fisherbucks” company store concept increases the role and impact of cost analysis on their final design project.

1.6.2 3.3 Recommendation 1 called for the addition of teamwork/teambuilding content to the course.  A total of four lessons were added to the course addressing these issues.  This represents a shift in DFEM from using the MBTI, 6-Hats, and other instruments to form teams to uses these tools to better understand and deal with teammates.  In reality, it is rare that the resources and policies exist that allow team formation based on these instruments.  It is more realistic to equip the students the tools to cope with any team combination and still be able to obtain superior performance.  Initial response from the students is positive.  Fewer team issues arose during the two semesters the team content was taught.  During the Fall semester, cadets even defended the content to a potential student visiting the course.  A more exhaustive study is underway that is assessing the team environment before and after the addition of the team content.

1.6.3 3.3 Recommendation 2 called for improvements to shop training.  Although not quite there yet, the Herculean efforts of Capt Borchert and the lab techs to create and deliver several lessons of lab training on the various equipment has been a tremendous success.  The quality and complexity of student designs has increased significantly.  We are a victim of our own success as during the Spring semester all the lab facilities were in high demand by 24 ME290 design teams, 3 intercollegiate design competition teams, 6 ME492 battlebot teams, and several ME370 RC car teams.  We fortunately survived without any major incidents largely due to this training though Maj Dosedel would have you believe it was due to the lab badge policy.

1.6.4 3.4 Recommendation 1 called for a shift in CAD use.  Autodesk Inventor was adopted as the solid modeling tool of choice.  It has revolutionized how USAFA approached design, quite literally.  During AY99-00 we spent the entire second hour of ME290 teaching the students to use Mechanical Desktop.  Inventor is so easy to use, that no class time was used to teach the use of the tool.  Cadets were provided with extensive tutorials and the charge to take ownership of their CAD educations.  The results were astounding!!!  Several teams generated animated kinematics simulations of their final design contest designs.  Additionally, a complete CAD model of their final design was required before the student teams received any of their kit of parts.  This shifted the focus of CAD to that as a design tool rather than as a documentation tool.  Cadets then began to use Inventor to design parts for other classes and as a kinematic analysis tool.

1.6.5 3.5 Recommendation 1 improve instructor-cadet expectation management with respect to turn-ins.  My initial stab was to provide “C” level examples of all assignments.  After talking with many instructors, I moved away from that concept and instead tried to provide detailed explanations of each assignment.  Additionally I made it clear to the students that it was their responsibility to proactively determine the scope of turn-ins.

1.6.6 3.6 Recommendation 1 called for the cadets to purchase their own toolbox.  This was implemented with varying degrees of success.  We now have over 100 cadets with their won tools.  The motivation for this came from the fact that there is four pair of pliers in the lab and over 200 cadets using the facilities.  As there was no textbook in the end, the money typically used for a text went to the toolbox.  During the projects, typically only one of the toolboxes in the team were used but with great benefit.  The cadets learned hard lessons about taking responsibility for their tools and what happens when their peers do not respect their equipment.  Additionally when surveyed at the end of the course, most all of the cadets were glad they purchased the toolbox of tools.  We still had problems in the lab with tools walking but this can be mostly attributed to the upperclassmen that have not been through the modified ME290 experience.  I postulate that DFEM will see a tremendous increase in skill and respect in future classes due to these changes.

1.6.7 3.6 Recommendation 2 was to take time survey data.  There were some significant objections to the several additions to course content I proposed last year.  To allay fears I promised to carefully monitor the time and effort level of the cadets.  During both semesters time surveys were passed out.  Unfortunately both semesters they were not collected from the students.  The surveys were kept in their design notebooks.  This allowed the cadets to better track their hours and allowed the instructor a chance to informally monitor their efforts.  Additionally, spot time interviews were conducted with cadets during the peak of the final design project.  The results were surprising; evidently the cadet teams spent much less time than anticipated on the projects, thought still more time than their other classes.

1.6.8 3.7 Recommendations from the Curriculum Assessment Committee (CAC) asked to look at making EM330 a co-requisite for ME290 to improve the quality of the stress analysis.  Experience in the course shows that every team has at least one student with EM330 experience.  Still the use of only axial stress modeling for their analysis exists.  Somewhere the cadets are still not seeing the mapping between the advanced analytical techniques they learn in EM120/EM330 to reality.  There will be recommendations on this later in the review package.

1.6.9 3.7 also recommended limiting the course enrollment to only EM or ME majors unless the cadet had department permission.  This semester we had a handful of general engineering students as well as a few non-engineering majors.  Most of the non-engineers weeded themselves out of the course.  Some of the GE’s this year were top performers and some were the lowest performers.  One recommendation I would have for next year would limit the number of GE’s on a team.  

1.6.10 Web-based delivery:  The entire course was web-base this year.  No paper hand-outs were used.  Every lecture had a PowerPoint presentation with copious notes attached.  This saved paper, reduced course admin, and increased Course Director to Course Director continuity.  Sometimes the site wasn’t updated in time for class.  As now most all of the content has been generated, management and upkeep of the site should be minimal.  Making the cadets use the website was a shift in their normal working habits as it force them to get more involved in their education.  Although it was all on the website, I would still recommend signposting assignments and desire progress to the students during class.  Moving to the web also eliminated the need for a textbook as all course materials are available to the students.  As additional examples of the design methods are generated, they should be included in the site as well to evolve the value of the course content.  As I pass the torch to the next Course Director, I will also pass a CD with the whole site burned on it.

1.6.11 Requirements Centered Approach to Design Education:  As we have shifted from a distinction between redesign and original design to a distinction between new product development and mature product development, we also see a shift to requirements centered design.  By requirements centered design I mean that the cadets are educated in the importance of understanding what the system is required to do from not only the customer perspective but from all the stakeholders, including manufacturers, the system maintainers, etc.  Additionally they experience the value of always readdressing their requirements.  This is explicitly experienced during the final design contest formally as they develop their Requirements/Specifications Correlation Matrix and their 
House of Quality.  Informally, the instructors address it constantly as they mentor the students design times.  This Requirements Centered Approach is another method for getting the cadet teams outside their boxes and abstracting the problems beyond the forms in front of them.

1.6.12 Big Picture:  One of the complaints from ME290 alumni is a lack of context for the tools and the perceived ability to apply them in the same method each time.  To address this issue, this year when each tool was presented to the students for the first time, it was presented within the context of the design process, as well as with the intended benefits to the product.  Below are the two representations of the design process used to show each design method’s place in the overall scheme of things. 
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Figure 2: Design process used to show the context in which the various design methods are used.
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Figure 3. Another design process representation showing the evolution of the solution space.  This representation is also used to illustrate when and what benefits the different design methods provide.
1.6.13 Design Sketches:  Central to the skills of any engineer is the need to effectively communicate their concepts to others.  One of the main vehicles for a Mechanical Engineer is that of sketching.  We are all cognizant of the “cocktail napkin” sketch worth millions.  The cadets are now asked to design and sketch mini products for each class.  A few cadets are picked at random to present their design.   Not only does this give them practice in sketching, they also unconsciously practice the entire design process.  In effect, by the end of the semester, each student has design 21 complete products, 18 of those being from these design sketch exercises.

1.6.14 Mini Manufacturing Briefs:  Later in the course, the cadet teams are given time to work on their final design project.  Typically the teams tend to leave class before the end of the two hours.  I have moved that time they leave in the hour to the beginning of class time and use it to inject more course content.  Each cadet is required to do a fifteen minute presentation on a manufacturing process.  As there is little to no manufacturing content in the curriculum beyond learning to use the equipment in the lab.  Through this means of peer-to-peer learning, each cadet gains in-depth knowledge of a single process and broad knowledge of at least 15 other manufacturing process depending on the number of students in the class.  Initial results from ME290 and ME492 have shown tremendous success in both increasing cadet knowledge of manufacturing systems and process but also improved presentation and communication skills.

1.6.15 No more distinction between redesign and original design:  In the past the course was divided into two parts, redesign and original design.  According to the third law of engineering design as presented by Dr. Larry Leifer at Stanford, “All design is redesign.”  Each design, be it new or old, is made up of elements of past designs.  A better distinction between the tools like Morph Matrices, Function Structures, and the House of Quality, are whether or not the products being developed are mature products or new products.  Improving the Nerf guns requires the use of design methods to improve mature products, such as force flows or House of Quality, whereas the final design project relies more heavily on those methods designed to assist with the development of new products such as the Morph Matrices.  This helps the students to see the design methods as tools to be used when needed rather than using the tools in a specific order at rout such  as following a recipe. 

1.6.16 Mini Design Contest:  Now the class starts with a mini-design contest assigned on the first lesson.  This was designed to do several things.  First to set the expectation up front that the class will take a lot of time outside of class to work on the projects.  Two, to give the instructor a chance to see the starting embodiment skills of the cadets.  Three of course is to have fun.  The past year, the contest has been to build a CD flinger powered by a mousetrap.  For many, it is their first attempt at building a solution to an ill-defined problem.  Successes vary but sprits are always high during the contest.

1.6.17 Exhaustive use of design notebooks:  Design notebooks are now central to the coursework for ME290.  Described as their “Brain on paper” these notebooks are how over 50% of all classwork is submitted to be graded.  In the past, each assignment required a formal electronic turn-in.  Cadets ended up spending more time fighting with Bill Gates than learning about design methods.  Capitalizing on the informal nature of design communication, we use the notebooks to do all the initial individual turn-ins for the design methods as well as for the design sketches.  This decreases the formality of turn-ins and improves the learning of the design methods.  It also gets them use to using a notebook to track all of their progress and work, a must for the working engineer.  Additionally, I require the cadets to have a design sketch or CAD drawing to be working in the lab.  This one-stop shop for all this valuable information and skills is their design notebook.

1.6.18 Team communication sessions:  In an effort to ensure the cadets are apply the teamwork skills covered in the class and to head off any potential catastrophic conflicts, we have team communication sessions after the Nerf gun and during the height of the design contest stress.  This is our change to check instructor and team perceptions as well as an opportunity to facilitate team communication.  These have been very successful.  We also use these sessions when things are going well to get feedback on the course.

1.6.19 Comprehensive final design document:  In past offerings, design methods applied to assignments have been assembled into notebook turn-ins.  This was changed this year in two ways.  The first was the use of the design notebooks as design notebooks as mentioned earlier.  Second called for consolidating the notebook turn-ins into one major design narrative for the Nerf Gun and the final design contest.  A more formalized, continuous narrative design report forced cadets to integrate and comment on their efforts.  This communication of their efforts through hardware embodiment, CAD, design methods, and design narrative created an impressive comprehensive record of their efforts.  

1.6.20 Improvements to House of Quality presentation:  In the past, cadets found the HoQ to be overwhelming, complex, and useless.  The challenge was how to help them get past this perception.  Part of the issue was how the HoQ was approached in the course.  It was hard to see how HoQ fit into the design process.  HoQ requires a mature product or at the minimum a mature set of requirements and specifications.  To bridge the students to the use of HoQ we had them first do a Requirements/Specifications correlation matrix for the final design contest to ensure the design teams had a mature set of requirements and specifications to use in the HoQ.  We then required the teams to do a HoQ before the contest, illustrating the use of the HoQ to help them focus their efforts on critical specifications.  They then revised their HoQ to include benchmarking data based on the contest and used it to forecast future improvements to their designs.  As with the other methods, it was briefed up front in the lecture where HoQ could fit in the overall process.

1.6.21 Use of kit of parts for final design contest:  In the past, cadets were shuttled around Colorado Springs to purchase components for their design contest.  Besides being a good excuse to go to Home Depot, the cadets would spend their money on frivolous parts that typically not used.  Their designs were not mature enough at that stage to know what they needed.  Teams also tended to purchase design solutions rather than raw materials that could be transformed to meet their needs.  Additionally, the challenges of integrating commercial components with lab-made components proved to be a large challenge even though cadet perception was that the integration would be incredibly easy.  To address these many issues, we have shifted the course to make use of a predefined kit of parts for the final design contest.  This provides many benefits.  Using a kit of raw materials forces cadets to do more design of components.  Additionally they have to deal with the manufacturing challenges created by their design decisions.  A predefined kit also limits the solution space for the embodiments.  The cadets see this as a terrible limitation according to the feedback forms but if they could pick from all the components in the world, the teams would never converge on a solution.

1.6.22 Modifications in team formation process:  In past offerings of ME290, the instructors have used a combination of personality assessment techniques to form teams.  This type of psychological diversity team formation has been used at other schools for years.  Most notably at Stanford through the research efforts of Dr. Doug Wilde.  Unfortunately this does not mesh with the team formation practices of industry.  The Air Force is ever more constrained in their team formations.  Typically teams are formed based on the skills required for the challenge being faced or simply based on the resources available.  Instead we’ve focused on developing within the cadets the skills to work with any team of people.  This was mentioned in the portion of the addition of team building/ teamwork content to the course.  Instead we now form teams in ME290 based on manufacturing skill diversity.  Each team must contain a member with one of the three manufacturing skills lathe, mill, and woodworking.  This team built on skill diversity allows students to pick their own teams and therefore living with the consequences of their decision.  Additionally we use the psychological information historically used for formation to instead increase the cadet awareness of the character of their team members.  This allows them to anticipate potential issues and address them up front as well as giving them a common vocabulary for confronting and overcoming any problems that might arise during the course of the semester.

1.6.23 Use of Fisherbucks to purchase additional components:  Cadets in the fall felt that the kit was limiting so several cadets suggested the creation of a company store to purchase additional necessary components from.  Thus the Fisherbuck was born. 
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We gave the cadets 500 Fisherbucks to purchase additional components.  Some teams did purchase more parts.  One team made a profit by selling components to other teams.  When asked why most of the Fisherbucks weren’t used several observations came out.  The core kit was enough to construct most designs.  Cadet teams treated their Fisherbucks like real money and are hesitant to spend them unless absolutely necessary.  All in all, the Fisherbucks were well received and we plan to continue their use in the company store.
1.7 Course Resources

1.7.1 Supplies – Each semester requires the purchase of several mouse traps, several Nerf Guns, and of the kit of parts used in the final design competition.

1.7.2 Equipment/Computers – 

1.7.2.1 Hardware:  Every machine in the lab but especially small fastners and the rivet guns, A roll around cart was left in the classroom to support CAD demos and cadet presentations

1.7.2.2 Software: Powerpoint and Autodesk Inventor

1.7.3 Needs/Desires – Need to increase budget to deal with increase course cost due to using the kit of parts.

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? 

2.1.1 Student and Instructor Assessment 

· Subjective assessment from (1) cadets, (2) course director, (3) other instructors, (4) average.  Includes comments from course directors.

· 5 point scale with the following definitions

0 - strongly disagree, 1 - disagree, 2 - neutral, 3 - agree, 4 - strongly agree

	Objective
	Fall 00
	Spring 01
	Course Director
	Other Instructors

	Students will demonstrate successful team interaction by effectively dealing with team conflict and distributing work equitably.
	3.4
	2.91
	3.5
	3.1

	Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments and basic engineering failure analysis.
	3.19
	2.77
	3
	2.75

	Students will demonstrate a basic understanding of cost analysis, materials selection, environmental considerations, legal issues and DFM as they apply to design.
	3.28
	2.86
	2
	2.25

	Students will exhibit proficiency in an industrially common CAD package by producing 3-D, dimensioned, assembly level drawings of complex parts.
	3.43
	3.07
	3.5
	3.6

	Students will competently present design concepts and results in written and oral design reviews.
	3.45
	2.86
	4
	3

	Students will demonstrate safety and competence in the use of lab power tools for construction of design projects.
	3.65
	3.06
	3
	3.5

	Students will gain industrial/real world design experience through examples and case studies.
	3.3
	2.88
	2.5
	3.25


2.1.2 Assessment Based Upon Graded Events  

	Assignment
	Description
	Percentage
	Course Objectives met

	Team Building Background Questionnaires
	This includes Meyers-Briggs Temperament Indicator, 6-Hats of Thinking Styles, and the Conflict Survey.
	94.3%
	1

	Design Contest #1
	What can you do with the energy of a single mouse trap?
	100.0%
	6

	Concept Generation HW (brainstorm, mind-map, Morph Matrix)
	Using what you have just learned about generating creative ideas, develop concepts for improving the nerf guns.
	92.9%
	2

	Customer Needs
	Your list of Nerf Gun redesign Requirements based on customer interviews.
	95.4%
	2

	Personal  Mission Statement
	Your chance to let your instructors know what you want out of the class. 
	88.5%
	1,7

	Linkage HW
	Homework based on the kinematics lesson.
	85.3%
	2

	Function Structure
	You must develop a function structure for an existing system.
	64.9%
	2

	Force Flow
	Do a force flow on an existing system.
	58.5%
	2

	Character profile
	Your reflection of the accuracy of the personality assessments and your predictions of the team dynamics.
	92.0%
	1

	Nerf Gun Improvement Plan and Pugh Chart
	Your plan of what you are going to do to the gun and why, including your team Pugh Concept Selection Chart for your best ideas
	85.0%
	2,3,1,5

	CAD #1
	First CAD project where you show how you've mastered AutoDesk Inventor.
	87.6%
	4

	Nerf Gun Project
	Nerf Gun redesign project.
	96.3%
	1,2,3,6

	Nerf Gun After Action Report
	After action report that describes what went right and what went wrong and how you would change things if you had another chance.
	95.0%
	1,2,3,5

	Gear HW
	Homework for the rotational power transmission lesson.
	82.6%
	2

	Nerf CAD
	Complete assembly drawing of your Nerf Gun.
	93.9%
	1,4

	Manufacturing Project
	The artifact you create to get your blue dot in the lab.
	83.5%
	6

	GR
	Test of course.
	80.1%
	1,2,3,4,5,6,7

	Prog IP
	Nuff Said
	97.0%
	 

	Final CAD lessons
	Final CAD project, an animated assembly drawing of a wood plane. Or you can do lesson 18,19, and 20 You are now Inventor Masters!
	93.5%
	4

	Team Concept Generation/Gantt
	Your team's first cut at systems for the final design contest as well as your first cut on a schedule for the project.
	94.4%
	1,2,3

	rough system proto
	Prototype to demonstrated full functionality of a major subsystem.  Which system you prototype must be approved by your instructor.
	90.6%
	1,6,5

	Team Assmnt I
	Your chance to let your instructor and the team know how things are going.
	92.4%
	1

	Sys CAD
	Complete CAD assembly of you design for the final design contest.  Required before you can start purchasing kit parts.
	95.0%
	1,4,2,3

	HOQ
	House of Quality based on your requirements and specs.  This will tell you which requirements and specs to focus on.
	97.6%
	1,2,3

	System Analysis
	Performance and failure analysis of your system at the level of Physics 110 and EM120.  Yes, engineering is good for you!
	63.1%
	1,2,3

	Team Assmt II
	One final chance to let it all out before you go into the competition.
	99.0%
	1

	Manufacturing Briefing
	15 min presentation on a manufacturing topic you pick with instructor approval
	91.5%
	5,6,7

	Final Contest
	Let the games begin!!!
	91.3%
	1,2,3,4,5,6,7

	Final Report
	After the contest you will consolidate all of your design knowledge and lessons learned into a single comprehensive narrative on your project.  Photos and everything!
	93.2%
	1,2,3,4,6,7

	Final IP
	Nuff Said
	103.6%
	 

	Overall
	 
	88.3%
	 


	Objective
	Performance Average
	Graded Events that contributed

	Students will demonstrate successful team interaction by effectively dealing with team conflict and distributing work equitably.
	90.62%
	Team Building Background Questionnaire, Character Profile, Personal Mission Statement, Nerf Gun Improvement Plan, Nerf Gun Project, Redesign After-Action Report, Nerf CAD, GR, Team Morph/ Gantt, rough system prototype, Team Assessment I, Sys CAD, HOQ - req/spec correlation matrix, System Analysis, Team Assessment II, Final Design Contest, Final Design Report 

	Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments and basic engineering failure analysis.
	85.66%
	Concept Generation, Customer Needs, Linkage HW, Gear HW, Force Flow, Function Structure, Nerf Gun Improvement Plan, Nerf Gun Project, Nerf Gun After Action Report, GR, Team Morph Matrix/Gantt Chart, System CAD, HOQ-Req/Spec Correlation Matrix, Final Design Contest, Final Design Report

	Students will demonstrate a basic understanding of cost analysis, materials selection, environmental considerations, legal issues and DFM as they apply to design.
	89.11%
	Nerf Gun Improvement Plan, Nerf Gun Project, Nerf Gun After Action Report, GR, Team Morph Matrix/Gantt Chart, System CAD, System Analysis, HOQ-Req/Spec Correlation Matrix, Final Design Contest, Final Design Report

	Students will exhibit proficiency in an industrially common CAD package by producing 3-D, dimensioned, assembly level drawings of complex parts.
	90.65%
	CAD #1, Nerf Gun CAD, GR, CAD Final Project, System CAD, Final Design Contest, Final Design Report

	Students will competently present design concepts and results in written and oral design reviews.
	89.51%
	Nerf Gun Improvement Plan, Nerf Gun After Action Report, GR, Rough System Prototype, Final Design Contest, Final Design Report, Manufacturing Brief

	Students will demonstrate safety and competence in the use of lab power tools for construction of design projects.
	90.81%
	Design Contest #1, Manufacturing Artifact, Nerf Gun Project, GR, Rough System Prototype, Final Design Contest, Final Design Report, Manufacturing Brief

	Students will gain industrial/real world design experience through examples and case studies.
	88.91%
	Personal Mission Statement, GR, Final Design Contest, Final Design Report, Manufacturing Brief


· Comment, these seem almost redundant tables….

· GR Specific Comments
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2.1.3 Other Student Assessment (Standard Course Critique)

The chart below illustrates the student assessment of ME290.  It should be note that the Fall of 2000 has the highest student assessment of any semester of ME290 on record.
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2.1.4 Other Student Assessment (Supplemental Critique)

Numerous supplemental critiques were given.  There were two sides to the critique.  One side focused on assessment of team performance and satisfaction.  The second side dealt with the course but focusing most questions on the final design contest.  The team satisfaction will be addressed in a more exhaustive study than what there is room for here.  Preliminary results find that the students see the value of the team content and find it useful and helpful.  The course questions find the cadets enamoured with the head-to-head competition and full of ideas regarding next year’s contest.  You also find wide support for the required toolbox even though most said they used only one per team.  

2.1.5 Other Course Director Assessment

2.1.6 Other Instructor Assessment 

2.2 
Are the Course Goals/Objectives Appropriate? 

2.1.1 Students will demonstrate successful team interaction by effectively dealing with team conflict and distributing work equitably.  This objective should be changed to reflect the shift in the PCO for the development of leadership as well as team skills.  The course does this already.  It is just a matter of taking credit for it.  It might then be worded as Students will demonstrate successful team leadership and interaction by effectively dealing with team conflict and distributing work equitably.
2.1.2 Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments and basic engineering failure analysis.  I would update this objective to include the new emphasis on performance analysis.  System performance is a critical assessment of the success of your design.  It is also a invaluable design tool, allowing you to “simulate” system performance before you build anything.  Call it an analytical prototype if you will.  Additionally, the past focus on failure analysis emphasizes only one of many customer needs.  Yes, the customer would like for the system not to break but more importantly, it needs to perform!  Restate as follows: Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments, system performance analysis, and basic engineering failure analysis.  
2.1.3 Students will demonstrate a basic understanding of cost analysis, materials selection, environmental considerations, legal issues and DFM as they apply to design.  Last year, Capt Mike Rice recommended that we drop this as an object.  The CAC recommended that we keep it.  During this year we had more than adequate coverage of cost analysis, materials selection, and environmental considerations through the final design contest Fisherbuck store, and the manufacturing briefs.  Legal issues and DFM were covered very little through the manufacturing briefs, and one day we focused on Design for Safety.  We had hoped to address these through the use of the text but alas, the text never arrived.  Hopefully these can be addressed through the mini-briefs or the addition of new lessons.  The objective itself should not change.  The bulk of these topics are actually advanced topics that should be covered in depth in ME492.
2.1.4 Students will exhibit proficiency in an industrially common CAD package by producing 3-D, dimensioned, assembly level drawings of complex parts.  This object should shift focus to drive towards using CAD to design, not just to document.  The use of Autodesk Inventor has revolutionized this.  The cadets learned to use the package almost all on their own.  The course requirements have been shift so that the cadets learn the value of using CAD for their design as well as documentation.  The object should read as follows: Students will exhibit proficiency in an industrially common CAD package by using it to design and document their systems to include the production of 3-D, dimensioned, assembly level drawings of complex parts.
2.1.5 Students will competently present design concepts and results in written and oral design reviews.  This is well covered by the course.  Between the mini-manufacturing briefs, the use of a single comprehensive final design narrative, and the design reviews the students undertake it is well addressed.

2.1.6 Students will demonstrate safety and competence in the use of lab power tools for construction of design projects.  Paramount in the execution of the course is the safe use of the equipment in the lab.  Through the implementation for more explicit lab training, cadet proficiency has increased significantly.  This is evidenced by the more complex and successful designs produced by the cadet teams this year.  Through increased training, the cadets are better able to exploit the full capabilities of the equipment in the lab.  Capt Borchert design mini-projects for the cadets to accomplish on the advanced equipment to gain certification.  We could modify the projects so the cadets would have something useful to them when they are done.  Additionally we could increase the rigor of the information coverage during the training sessions.  This objective is wonderful as it stands.

2.1.7 Students will gain industrial/real world design experience through examples and case studies.  This objective is accomplished predominately through the informal sharing of experiences by the instructors.  We also show a few videos of world-class design companies such as IDEO Product Development.  Additionally the mini-manufacturing briefs bring to light various products that make uses of the covered manufacturing technology.  We could beef this up with some more formal engineering case studies in the course.

2.3 Time Survey Data 

See Section 1.6.7 for Time Survey Data.

2.4 Grade History Data 
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2.5 Were Previous Recommendations Appropriate? 

The previous recommendations were appropriate, especially considering a lion share were authored by the current course director for inclusion in the course review package so as to justify the sweeping changes made by the current course director this year. 

3. RECOMMENDED CHANGES 
3.1 Reduce the kit of parts to drive use of Fisherbucks

· Recommendation: Reduce the parts of the core kit of part to stimulate the use of Fisherbucks.

· Supporting Data: Few design teams purchased additional parts for the competition.

· Desired Outcome:  The use of Fisherbucks in the design contest adds a bit of engineering economics to the whole exercise.  Cadets have to manage their budget of resources successfully to do well.

· Comments:  There is a lack of engineering economics coverage in the curriculum.  As engineers in the Air Force, cadets will be asked to make all sorts of resource trade-offs to balance cost, schedule, and performance.

3.2 Reduce amount of Fisherbucks so engineering econ becomes a factor

· Recommendation: Reduce the amount of Fisherbucks below $F500.  

· Supporting Data: Many cadets commented on the over-abundance of Fisherbucks.  

· Desired Outcome: This change in concert with the other modification calling for a reduction in the core kit of parts will increase the learning on engineering economic issues.

· Comments

3.3 Try to get everything done on the website before the semester starts

· Recommendation: Take this summer to firm up all the course material.  

· Supporting Data:  The website was updated sometimes minutes before class with the days lesson.   

· Desired Outcome: Increase the use of the website as the go to point for all course information.

· Comments:  As the course matures, so should the course material.  Ideally the website will be finalized this summer with minor changes throughout the semester.  Additionally the cadets should be informed that the course itself is a giant design project.  This sets their expectation to expect a lack of rigor in the course.

3.4 Have first CAD assignment be to use 1 day productivity

· Recommendation: Have the first Inventor task be the one day productivity module in the online help. 

· Supporting Data: The tutorials had a few errors and didn’t allow for a rapid overview of Inventor.

· Desired Outcome:  Increase cadet comfort with the whole Inventor tool set and start them off the self-taught route in the best light possible.

· Comments:  Others that have used the one day productivity to bootstrap themselves into Inventor indicate the tremendous success of this approach.

3.5 During Teambuilding lesson with role-playing, have every group try with different folks playing different roles so they recognize and experience the behaviors and the frustration of team killers

· Recommendation: Modify discussion on team killing behaviors to include more team role-playing as described above.

· Supporting Data:  Current method involves few cadets.

· Desired Outcome: Increase cadet awareness of destructive team behaviors.

· Comments:  By having every team act through these behaviors, it gives them a chance to experience the frustration in a controlled environment while at the same time giving them a chance to practice coping with such situations.

3.6 Create a photo checklist for the toolbox

· Recommendation: When assigning the toolbox, include a photo checklist.

· Supporting Data: Cadets are not sufficiently familiar with tools to know what is required of the toolbox.

· Desired Outcome:  Increase toolbox procurement success rate.

· Comments: Cadets came back with all kinds of variations on tools.  This should help them find what they need and ensure each cadets has what they need.

3.7 Drop Function Structures-it’s an advanced topic and the text doesn’t support it well

· Recommendation:  Eliminate function structures from ME290.

· Supporting Data:  It is a difficult topic.  It has the lowest comprehension of all the design methods taught.  It’s taken the course director two semesters and a one-on-one tutorial with Kris Wood to understand it.  Now the CD is a complete idiot, but the cadets have real trouble understanding.  The method explained to the CD by Dr. Wood and his colleagues is different than that contained in the text.  Therefore it is difficult to adequately support student understanding of the material.

· Desired Outcome: By removing Function Structures we open more time to devote to other topics, such as an increased mechanism coverage or FMEA.

· Comments: The ability of Function Structures to abstract the design beyond the existing forms is valuable.  To implement it properly and effectively requires both a mature design and a mature design.  In ME290 we have neither.  I would recommend maybe covering it in ME492 or a special topics design seminar.  We have other methods of getting the cadets outside the box in the course.  With the new requirements focus in the course, cadets easily get past the pitfalls of existing forms.

3.8 Introduce more mechanisms in place of Function Structures, such as bearings, etc.

· Recommendation:  Use the time opened up by eliminating Function Structures to increase the robustness of mechanism coverage.  

· Supporting Data:  The addition of basic linkage synthesis and analysis, basic gear analysis, and some motor interfacing information has paid huge dividends in the impressiveness of the final design project submissions.  The addition of more mechanism topics could only improve this more.

· Desired Outcome:  Equip the cadets with a sufficient mechanisms toolbox to embody most all of the designs the teams can conceive of.

· Comments:  Potential topics for inclusion would be the use and analysis of bearing surfaces, triggers, winch systems, the use of springs as power sources, etc.  This content is not meant to replace the coverage some of these topics receive in ME370.  Instead it serves to wet their whistle for what follows in ME370.  Their experiences with the reality of ME290 will also aid in the motivation behind the advanced analysis techniques covered in ME370.

3.9 Create a mechanism hall of fame

· Recommendation: Through the use of digital photos and video, create a mechanism hall of fame. 

· Supporting Data:  As all design is redesign, taking the best of cadet efforts and recording it for use by future ME290 generations will aid in the exponential growth in their learning and the quality of their efforts.

· Desired Outcome: Creating a digital library of the best mechanisms of each semester will provide the cadets with the means to stand on the shoulders of the giants that have come before them. 

· Comments:  As the library grows, so will the diversity of cadet designs.  The hall of fame would serve as a source of solutions to difficult problems but also a resource to stimulate new ideation.  Cadet pride will keep straight copying from taking place.

3.10 Stay in lab during second hour to help techs and insure training quality

· Recommendation: Have the instructors stay for the second hour of class in the lab. 

· Supporting Data:  This year instructors tried this extensively.  The results were very positive.  We found the rigor of the lab equipment instruction increased.  Deep in the design competitions, the instructors were a constant resource for the cadet teams. 

· Desired Outcome: Improve quality of lab training and increase cadet learning effectiveness during the second hour.

· Comments:  The second hour of ME290 is a bit like EM120 in that it gives the cadets a chance to apply the class concepts within the supportive environment of instructor supervision.  Especially in ME290 where we focus on the cadets learning the design process, this allows the instructors a rich opportunity to guide cadet experiences in developing their design prowess.

3.11 Show examples in shop training of parts that can be made using various tools

· Recommendation: Develop and exhibit examples of what can be done with the lab equipment during lab training. 

· Supporting Data:  Most cadets have never seen the equipment in the lab, much less understand what can be made with them.  This is further supported by the overwhelming desire for all the cadets to sign up for the “Norm” woodworking training over that of mill and lathe as woodworking is something they fully understand.

· Desired Outcome: Increase cadet knowledge and appreciation of the onsite manufacturing capabilities.

· Comments:  The more examples the cadets see, the more they learn.  This holds true to the shop training.  Passing of examples also stimulates more learning styles during the shop training, increasing awareness.

3.12 Revisit the mill and lathe training artifacts, cadets like making picture frames.

· Recommendation: Modify the training artifacts for the lathe and mill. 

· Supporting Data:  Cadets loved to build the picture frames for the woodworking certification.  The quality was higher as well as the satisfaction.  Most were constructed as gifts.  The lathe and mill artifacts just weren’t as cool as the woodworking.

· Desired Outcome:  Modify the lathe and mill artifacts so they are objects the cadets will use in the future.

· Comments:  For example, if the lathe is a hammer handle, build the whole hammer.  Maybe the lathe should be something other than a desk set, something the cadets have a need or desire for that still runs them through the whole gambit of mill capabilities.

3.13 Have a photo catalog of kit of parts

· Recommendation: Create an online photo gallery of the kit of parts.  

· Supporting Data:  Cadets see the components in class but do not have access to the kit during their initial ideation/concept generation phases of the final project.  A digital library of kit components would allow them to gain access to critical resource information on demand.

· Desired Outcome: The cadet teams will have a better understanding of what each component is and how it can be used for the contest before they actually receive their kit of parts.

· Comments:  This would easy to do and pay huge dividends.

3.14 Use micro-heading checks on early assignments in lieu of grading

· Recommendation: Rather than grade the first few individual assignments covering the design methods, use micro-heading checks in class to assess cadet understanding of these critical elements.

· Supporting Data: The grading load on the instructors is high during the first part of the semester.  This delays critical feedback to the students regarding their comprehension of the design methods. 

· Desired Outcome: Decrease instructor grading load while improving cadet knowledge feedback and peer-to-peer learning.

· Comments:  The suggested method of accomplishing this is to still have the students do the assignments.  Their peers at their tables will instead accomplish assessment.  Slides will show how the assignment was to be done.  The cadets will be encouraged to offer feedback on the efforts.  Additionally the instructor will roam around the room offering additional feedback.

3.15 Use last slide of lecture to explain grading criteria for assignment

· Recommendation: Improve management of cadet expectations regarding the grading of assignments.  

· Supporting Data:  It was at times unclear what the instructors were looking for in each assignment.   At least that’s what they complained about.

· Desired Outcome: Increase cadet understanding of what is required for each assignment in hopes of increasing the quality of turn-ins.

· Comments:  This should be implemented carefully.  Detailed cut scales lock the instructors in their assessment practices and create an environment where cadets “max the min.”

3.16 End of lecture sign-posting to inform cadets of what’s next and where they should be on long term assignments

· Recommendation: Finish each lecture with a segment on where we have been, where we are going, and what they need to do to get there.  

· Supporting Data:  As for most cadets, this is their first experience with such open ended, ill-defined problems; we need to help them along.  This is class about the design process.  We can use this signposting to educate cadets about what is required when to successfully accomplish the contest goals. 

· Desired Outcome: Increase the cadet success rate as well as their understanding of the timing to tasks towards triumph.

· Comments:  Although this seems contrary to empowering them to take ownership of their own learning, it assists in a major learning objective of the course.

3.17 Move website to Carolyn Dull’s server

· Recommendation: Move the ME290 website to CEE’s DF webserver.

· Supporting Data:  This makes the course material immune to crashes of the K: drive.   

· Desired Outcome: Increase the robustness of the ME290 webpage availability.  Additionally we can use the server to capture usage statistics for the webpages.  This gives the teaching team a powerful tool to understand what course material students find most useful.

· Comments:  Need to be done!  Huge benefits.

3.18 Roll the Nerf Gun example into therm-fluidic analysis to improve contextual learning

· Recommendation: Leverage the real-world experiences of ME290 in the education of the advanced analytical engineering tools.  

· Supporting Data: Cadets many times miss the connection between analysis and reality.  There are concerns that ME290 presents a false impression of being an engineer.  This concern will be addressed in another location but it is also address by the following recommendation. 

· Desired Outcome: Increase the cadet link between analysis and reality.

· Comments:  Other instructors can leverage the cadets’ common experience in ME290 to explain the uses and application of the advanced analytical topics taught in the advance classes.  One striking example is the use of the Nerf Gun as an example in the Thermo-fluidics course sequence.  This will help tie these courses outside the department into the critical knowledge of the graduating engineers.

3.19 Eliminate common tools from lab to force use of toolboxes

· Recommendation: Adopt the draconian approach to lab management: remove the common hand tools.  

· Supporting Data:  Tools continue to walk about the lab and out the door.  Cadets now have a toolbox, let them use their own tools.

· Desired Outcome: Decrease complaining of lab techs (it’s late while I’m typing this).  This will also increase cadet responsibility for lab equipment.  If they own it, it gets treated with greater care.

· Comments: 

3.20 Increase rigor of analysis of final project

· Recommendation: Increase breadth and depth of system analysis required for final design report.  

· Supporting Data:  There have been some complaints regarding the rigor of ME290 analysis for the design projects.  Honestly the rigor has increased a bit this year.  I will detail that in another recommendation. 

· Desired Outcome:  Increase student buy-in as to the value of analysis.

· Comments:  Some ways to do this are to require the cadets to find the stall torque of the motors, determine a loaded speed for the motors, increase the number of components failure analysis is done on, etc.  All-in-all, increase the amount of analysis.  Increase the rigor of the analysis not just for the sake of the analysis but to prove the value of using analysis as a design tool.  Too often the cadets attempt EM120 level analysis and either end up with a factor of safety near 200 or 0.2. In both cases, the cadets do not realize the issues brought to light by their analysis.  They don’t see the map to reality.  ME290 can help that but it is the responsibility of every course in the curriculum to support this as well.

3.21 Require some basic analysis of nerf gun

· Recommendation: Increase the breadth and depth of the Nerf Gun analysis.

· Supporting Data:  In the past the teams have had to do a basic stress failure analysis of a Nerf Gun part as well as run through a prediction of max range based on a fluidic model cookbook created by one of the past course directors.  The teams do poor stress analysis and the cookbook approach encourages plugging and chugging with no regard as to what the model represents.  Coverage of pressure vessels in EM120 would help in increasing the rigor of Nerf Gun Analysis.  For most every gun, the pressure vessel forms a critical component.

· Desired Outcome: Improve the cadet perception of the need for thermo-fluidics in the curriculum and prepare them for the greater analytical demands of the final design project.

· Comments:  This year the Nerf Gun Analysis was weak.  This was because the only analytical tools available to there were combined loading analysis of a part.  The bulk of the cadets didn’t have pressure vessel coverage in EM120 and the fluidic model used in years past proved to be cryptic an no longer applicable to the current technology used in Nerf Guns.

3.22 Focus analytical efforts on performance analysis, time, speed, torque, etc.

· Recommendation: Leverage their Physics 110 knowledge to shift analytical focus to performance analysis. 

· Supporting Data:  The focus in the past has been strictly on failure analysis.  We see this in ME290, ME491-492z, and ME492.  Failure is one of the many requirements an engineer designs for.  In addition to Failure, the engineer needs to address the various performance requirements for the systems.  This includes for the cadets in their final design contest such critical items as speed, pushing force, turning radius, cycle time, etc.  These are all critical functional requirements for their systems.  What they learned in Physics 110 is enough to determine all these metrics. 

· Desired Outcome: A shift to performance analysis will show the cadets the need for analysis as well as some basic calculations can be used to successfully support early design decisions.

· Comments:  Pushing this approach to analysis in ME290 is part of an overall thrust of the education of cadets as to what is in their design toolbox.  During the development of any system an engineer uses various tools as the design matures. These include analysis, prototyping, and design.  The figure below illustrates how an engineer changes states depending on what their needs are. 
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3.23 Enforce analytical scenario review before turn-in

· Recommendation: Require students to review analytical scenarios being investigated for system analysis turn-ins well before starting work.  

· Supporting Data: Many teams either picked best case scenarios or wrongly used a simple interpretation of a complex problem.  For example, many teams, including those with members in EM330, chose to model the stress on a drive shaft as pure axial stress as opposed to the combined loading scenario it truly represents. 

· Desired Outcome:  Improve quality of analytical turn-ins.

· Comments:  This will also help bridge the perceived gap between analysis and reality.

3.24 Change CD-flinger for next year, keep initial project to get the ball rolling

· Recommendation: As the CD flinger concepts mature, maybe we should reconsider some other mousetrap-powered device for them to design.  

· Supporting Data:  In a very short time we saw the CD flingers converge on a single preferred solution, a lever arm mounted on a tall landscape timber to increase the vertical displacement.

· Desired Outcome: Keep the first contest new and interesting.  It should pull the cadets out of their box right from the get go.

· Comments:  Other candidates are mousetrap-powered vehicles, a “carrier” jet launcher using mousetraps and paper/balsa airplanes, etc.

3.25 Drop TIPS/TRIZ from curriculum

· Recommendation:  Remove Theory of Inventive Problem Solving from the course curriculum.

· Supporting Data:  It wasn’t covered last year.  This was basically the baby of Mark Nowack.  It’s a powerful concept leveraging the fact that all design is redesign.  It’s based on an exhaustive patent search by a Russian engineer that takes a product model and suggests innovative solutions to various functions based on the database of patent concepts.   Unfortunately no one left in the department really understands how to use the tool.

· Desired Outcome: Open more time for other topics in the course.

· Comments:  TIPS/TRIZ fits into the same category as Function Structures.  It might fit better in ME492 or in a design methods seminar.

3.26 Increase Big Picture overview in each lecture

· Recommendation: Increase the use of the Big Picture to show how each tool fits into and assists in the design process.  

· Supporting Data:  The use of the Big Picture this year showed how each additional tool in the cadet design toolbox helped to improve their design.  Results from ME290 alumni show a distinct distaste for design methods and a almost complete lack of understand of where they fit into their design efforts and how they help.   

· Desired Outcome: Increase cadet appreciation of the power and placement of various design tools.

· Comments:  More Big Picture can only help.

3.27 Have calibration meetings on graded assignments

· Recommendation:  Formalize meetings between the teaching team to calibrate grading on various assignments.  

· Supporting Data:  Occasionally we got together this semester to calibrate our efforts.  This smoothed out the variations in grades between instructors as well as proving to be a valuable time for the course director to check the progress of the other sections. 

· Desired Outcome:  Reduce variation in grading between instructors.  Manage instructor expectations on what is expect on assignments.

· Comments:  A little work well, more will work better.

3.28 Get together before GR to agree on what students will hear before hand

· Recommendation:  In the calibration meetings the teaching team needs to come together on what information will be reviewed and highlighted before the GR.  

· Supporting Data:  As we only have one GR in ME290, this is our only chance to make quantitative assessment for all the course material.  This year there were some definite discrepancies regarding what material was highlighted before the GR.  This showed through in the performance the GR as well.  In the spirit of making cadets responsible for their own learning, we need to unify our message to them before the GR. 

· Desired Outcome:  Limit performance variability on the GR based on what hints the instructors gave before class.

· Comments:  We need to treat the GR material as TS/TT, that is Top Secret, Teaching Team only.

3.29 Continue to get press involved – after this year, it will only get better

· Recommendation:  Continue to involve PA and the local media in the activities of ME290.    

· Supporting Data: We received very positive results in the coverage of the design contests this spring.  This was critical in a time when USAFA needed as much good press as possible.

· Desired Outcome:  Increase public awareness and appreciation of the engineering efforts of the cadets.

· Comments:  This year it was the base paper, next year CNN!!!!  If the debate team can get PBS coverage, then ME290 can get Comedy Central?!?!

3.30 Get flyers out earlier to advertise

· Recommendation:  Increase the publicity efforts to the USAFA community.  

· Supporting Data: I didn’t get the flyers out for the spring contest till literally a few days before it.  As a result, USAFA attendance was limited.  If we increase the USAFA publicity then we can increase the crowd at the contest. 

· Desired Outcome:  Fill H-1 with a raucous crowd of onlookers.

· Comments:  Competition drives the cadets insane.  Let’s fill the room and get ready to RUMBLE!

3.31 Encourage the construction of a faculty bot

· Recommendation:  Encourage the design and construction of a teaching team entrant to the final design contest.  

· Supporting Data:  The spring teaching teamwork on one with minor success. 

· Desired Outcome:  Show the cadets we are willing to put our money where our mouth is.  Additionally it illustrates to the cadets that the teaching struggle with the same issues they do with regard to communication, coordination, etc.

· Comments: Col Fisher needs bot driving lessons.

3.32 Change the design sketches a bit but keep them.

· Recommendation:  Modify the design sketches required during the first part of the course.  

· Supporting Data:  Sketching is a powerful communication tool for engineers.  The design sketches help cadets improve these skills dramatically.  The current assignments have been used for three semesters and might be a bit dated.   

· Desired Outcome:  Maintain the fun and creativity involved in these initial design-sketching assignments.

· Comments: Some of the design were fabulous and to reward the students, I would sign off on them as a witness should they decide to pursue a patent someday.

3.33 Modify the Nerf Gun exercise to increase the formalization of the system dissection.

· Recommendation:  Use the Nerf Gun dissection as a more classic reverse engineering exercise before modifications occur. 

· Supporting Data:  It is amazing how much can be learned and covered through a system dissection.  Design issues, manufacturing issues, safety issues, ethical issues, the list goes on.

· Desired Outcome:  Increase and feed the cadet curiosity on how things work and why they were built the way they were built.

· Comments: One potential exercise would be for the cadets to use directed questioning to explore the decisions made in design and manufacturing the guns.

3.34 Use reflection exercises to assess student learning after major design projects.

· Recommendation:  After each major design exercise, require the students to complete a reflection assignment.

· Supporting Data:  Reflection is a powerful self-teaching tool that will not only give the instructors valuable assessment of student learning but also provides the students a chance to fully realize the depth of their learning.   

· Desired Outcome:  Provide an additional assessment opportunity for the instructors while also highlighting to the students the amount of learning has occurred.

3.35 Changes to Course Goals 

3.36 Changes to Course Objectives 

3.37 Changes to Course Content 

3.38 Changes to Course Delivery 

3.39 Changes to Course Administration (Graded Events)

3.40 Changes to Course Policies 

3.41 Recommendations to Curriculum Assessment Committee – Your chance to comment on the course review/assessment process such as inputs to your course's position in an individual program, the overall curriculum program, the department and/or division assessment process, etc.

3.8 Course Review Results

3.8.1 Committee Members Present: Col Fisher (Dept Head),  Lt Col Shoales (Curriculum Deputy), Capt Feland (CD), Capt Randell (incoming CD), Dr Jensen

3.8.2 Discussions

3.8.2.1 All recommendations are with regard to delivery and topics and as such are at the decretion of the next CD.  

3.8.2.1.1 Capt Feland favors eliminating Function Structures. Dr Jensen opposes such a deletion.  All agreed that having a good example would help.

3.8.2.1.2 Force flow, it was agreed, while not used by industry is “fun.”
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EM 330 Fall 00

Question

EM 330



EM331

		4.4		4.1		4.5		4.2

		4.9		5.1		5.2		5

		4.9		4.8		4.9		4.6

		4.7		4.6		4.6		4.3

		4.9		4.7		4.8		4.7

		4.7		4.5		4.7		4.4

		5.3		5.3		5.6		4.8

		4.9		4.8		5.1		4.9

		4.6		4.3		4.5		4.6

		4.5		4.3		4.8		4.6

		4.7		4.7		5.1		5

		4.8		4.7		4.8		4.7

		4.6		4.5		4.6		4.4

		4.5		4.2		4.6		4.3

		4.5		4.36		4.6		4.4

		4.5		4.3		4.7		4.4

		4.3		4.4		4.6		4.3

		4.4		4		4.2		4.3

		3.5		3.5		4.4		4.2

		4.4		4.2		4.3		4.2

		4.4		4.4		4.7		4.4

		4.4		4.3		4.7		4.5

		4.6		4.4		4.6		4.6



EM 331 Fall 95

EM 331 Spring 96

EM 331 Spring 97

EM 331 Fall 97

Question

EM 331



EM332

		3.7		4.9		5.1		4.7		4.8		4.6

		3		5.2		5		4.8		4.7		5

		3.9		5.2		5.2		5		4.9		4.8

		3.8		5.1		5.1		5		4.7		4.5

		4.1		5.1		5.2		5		4.9		4.7

		3.7		5.1		5.1		5.1		4.9		4.8

		4.2		5.6		5.6		5.4		5.5		5.6

		4.5		5.4		5.7		5.5		5.3		5.2

		4.1		5.1		5.1		5		4.8		4.6

		4.1		5.3		5.2		5.1		4.8		4.6

		4.2		5.4		5.3		5.4		5.1		4.8

		4.2		5.4		5.5		5.1		5.2		5.2

		3.7		4.7		4.7		4.3		4.2		4.6

		3.4		4.6		4.6		4.4		4.1		4.4

		3.5		4.7		4.7		4.4		4.2		4.4

		3.7		4.9		5		4.8		4.5		4.8

		3		4.4		4		3.3		3.3		3.6

		2.8		4.5		4.4		4.3		3.9		4.3

		3.8		3.8		3.5		2.8		3.4		3

		3.4		4.5		4.5		4.2		4.1		4.3

		3.7		4.8		4.8		4.5		4.2		4.5

		3.7		4.7		4.6		4.6		4.4		4.5

		3.6		4.9		5.1		5		4.7		4.7



EM 332 Spring 97

EM 332 Fall 97

EM 332 Spring 98

EM 332 Spring 99

EM 332 Spring 00

EM 332 Spring 01

Question

EM 332



EM335

		4.1		4.1		3.5		3

		5.3		5.5		5.7		5.1

		5.3		5		4.9		4.8

		4.9		4.9		4.9		4.4

		5.1		5		4.8		4.6

		4.7		4.8		4.7		4.3

		5.9		5.8		5.8		5.9

		5.5		5.1		5.4		5.1

		4.2		4		4.2		3.7

		4.8		4.9		5.3		4.3

		5.5		5.3		5.4		5

		4.5		4		4		3.4

		4.8		4.4		4.6		3.9

		4.5		4.2		4.3		3.3

		4.6		4.5		4.2		3.7

		4.9		4.8		4.3		4.3

		4.1		4.5		4.5		4.3

		4.5		4.7		4.9		3.9

		4.6		4.1		4.3		2.8

		4.2		4.4		4.4		3.2

		4.3		4.6		4.5		2.9

		4.5		4.6		4.3		3.2

		5		4.8		4.6		3.8



EM 335 Spring 95

EM 335 Spring 96

EM 335 Spring 97

EM 335 Spring 98

Question

EM 335



EM340

		4.6		4.3		5.3		4.1		4.5

		4.1		4.7		5.3		4.4		4.1

		4.7		4.8		5.5		4.4		4.7

		4.8		4.6		5.3		4.4		4.7

		4.9		4.9		5.5		4.6		4.8

		4.8		4.5		5		4.6		4.4

		5.1		5		5.6		5.4		5.5

		5		4.8		5.6		4.9		4.8

		5		4.7		5.3		4.7		4.4

		4.9		4.7		5.4		4.4		4.6

		5.1		4.8		5.4		4.9		4.6

		5.4		5.3		5.6		4.9		4.8

		4.4		4.6		4.9		3.6		4.1

		4.3		4.5		4.9		3.6		3.9

		4.3		4.7		4.9		3.8		4.1

		4.6		4.2		5		4.2		4

		4.6		4.5		4.8		3.8		3.9

		4.4		4.3		4.9		3.8		3.8

		4.5		4.3		4.7		4		4

		4.5		4.2		5		3.8		4.1

		4.6		4.3		5.2		4.2		4.2

		4.6		4.5		5.1		4.2		4.4

		4.7		4.4		5.4		4.2		4.7



EM 340 Fall 97

EM 340 Spring 98

EM 340 Spring 99

EM 340 Spring 00

EM 340 Spring 01

Question

EM 340



EM350

		4.7		4.1		5.2		3.9

		4.6		4.5		5.1		4.5

		5.1		4.5		5.3		4.3

		5		4.5		5.2		4.3

		5.1		4.8		5.2		4.3

		5		4.6		5.2		4.1

		5.6		5.7		5.5		5.4

		5.3		5.2		5.2		4.7

		5		4.4		5.2		4.2

		5.1		4.6		5		4.3

		5.3		4.9		5.4		4.9

		5.4		4.7		5.5		4.8

		4.4		4.6		4.9		3.9

		4.3		4.5		4.9		3.8

		4.6		4.6		5.1		3.9

		4.7		4.6		5		4.1

		4		3.7		4.2		3.3

		4.1		4.3		4.6		3.5

		4.2		4.8		5.1		3.7

		4.4		4.2		4.9		3.5

		4.6		4.8		5.2		4.2

		4.5		4.8		5		3.9

		4.9		4.3		5.3		4.2



EM 350 Fall 98

EM 350 Fall 99

EM 350 Spring 00

EM 350 Fall 00

Question

EM 350



EM390

		5		5.1		5.3		5.2

		5.1		5		5.3		5.2

		5		5.2		5.3		5.1

		5		5.1		5.3		5.1

		5.2		5.3		5.5		5.3

		5		5.1		5.4		5.1

		5.2		5.4		5.7		5.1

		5.3		5.3		5.5		5.5

		5.1		5.1		5.3		5.4

		5		5		5.3		5.3

		5.2		5.2		5.4		5.4

		5.3		5.3		5.6		5.6

		4.9		4.8		5		4.7

		4.9		4.7		4.7		4.6

		5		4.7		4.7		4.8

		4.9		4.6		4.9		4.7

		4.9		4.5		4.7		4.5

		4.9		4.5		4.4		4.3

		5.1		4.9		5.1		4.6

		5.2		4.8		5.2		4.9

		5.4		5.1		5.5		5.4

		5.3		5		5.4		5.2

		5.1		5.1		5.3		5.1



EM 390 Spring 96

EM 390 Spring 97

EM 390 Spring 98

EM 390 Spring 99

Question

EM 390



EM421

		5.5		4		5.2		4.8

		5.3		4.4		5.3		5

		5.6		3.5		5.3		5.1

		5.4		3.7		5.3		5.1

		5.4		3.6		5		5.1

		5.2		3.6		5.2		4.8

		5.6		5.2		5.3		5.4

		5.5		4.2		5.8		5.2

		5.7		3.7		5.7		5.1

		5.6		4		6		5.3

		5.5		4.3		5.5		5.4

		5.8		4.5		5.5		5.5

		5.1		2.8		4.3		4.8

		5.4		3.1		4.5		4.7

		5.1		3.3		5		4.6

		5		4.1		5.7		4.9

		4.9		3.1		5		4.9

		4.9		3.5		4.7		4.5

		4.5		2.9		4.7		5.5

		4.6		3.3		4.7		4.9

		4.9		4.1		5		4.6

		4.9		3.1		5.3		4.8

		5.5		3.5		5.5		5.3



EM 421 Spring 96

EM 421 Spring 97

EM 421 Spring 99

EM 421 Spring 01

Question

EM 421



EM431

		3.3		4.5		5.3		4.9

		4		4.8		5.4		5.4

		2.9		4.1		5.4		5.2

		2.9		4.2		5.4		4.8

		3.5		4.3		5.2		5.2

		3.6		4.6		5.1		5.3

		5		5		5.6		5.7

		4		4.9		5.8		5.3

		3.8		5.2		5.3		5.1

		3.2		5		5.3		5.3

		3.8		5		5.2		5.3

		3.6		4.8		5.2		5.2

		3.7		4.3		5.1		4.8

		3.6		4.1		5.1		4.7

		3.7		4.3		5.1		5

		4.2		5		5.1		5

		3.3		4		4.6		5.2

		3.2		4.1		4.8		5

		3.5		4.3		4.9		3.1

		3.4		4.3		4.8		5

		3.9		4.8		5.1		5.3

		3.6		4.7		5.2		5.5

		3		4.3		5.3		5.3



EM 431 Fall 97

EM 431 Fall 98

EM 431 Fall 99

EM 431 Fall 00

Question

EM 431



EM432

		5.5		4.9		5.6		4.2		5.3

		5.5		5.5		5.4		5.3		5.2

		5.4		5.4		5.2		4.6		5.3

		5.5		5.3		5		4.2		5

		5.3		5.1		5.2		5		5.5

		5.3		5.1		5.4		4.6		5.2

		5.7		5.6		5.4		5.6		5.5

		5.6		5.5		5.4		4.4		5

		5.2		5.5		5.4		5		5.3

		5.2		5.3		5.2		5.2		5

		5.4		5.3		5.2		4.6		5.3

		5.7		5.4		5.4		5.2		5.8

		4.8		4.9		5.4		4.4		4.7

		5		4.8		5.2		4.4		5

		5.3		4.9		5.2		4.4		5

		5.7		5.5		5.2		4.8		5.7

		5.1		5		5.2		4.8		5.3

		5.4		4.9		5.6		4.8		5.5

		4.9		4.9		5.6		3.2		4.7

		5.5		4.8		5.4		4.2		5.5

		5.6		5		5.4		4.4		5.7

		5.5		4.8		5.2		4.8		5.5

		5.6		4.9		5.2		4.8		5.3



EM 432 Spring 95

EM 432 Spring 96

EM 432 Spring 97

EM 432 Spring 98

EM 432 Spring 01

Question

EM 432



EM440

		4.1		4		3.8		4.5

		2.6		3.4		3.6		3.5

		3.8		4.6		4.1		4.8

		4.3		4.6		4.4		5

		4.4		4.9		4.3		5

		4.1		4.6		4.3		4.8

		4.9		5.2		5.8		5.5

		4.6		5.1		4.8		5.3

		4.3		4.6		4.5		5.5

		4.4		4.8		4.8		5.3

		4.6		4.8		4.8		5.8

		4.6		4.6		4.8		5.5

		3.9		4.1		4		4.5

		3.6		4		3.9		2.5

		4		4.1		4		3.3

		4		4.3		4.1		5

		2.9		3.6		3.2		3

		3.4		4		3.5		4.8

		2.3		3.2		2.8		4.5

		4		4.2		3.9		4.3

		4.4		4.4		4		4.8

		4.4		4.6		3.7		4.8

		3.9		4.6		4		4.8



EM 440 Fall 97

EM 440 Spring 99

EM 440 Fall 99

EM 440 Fall 00

Question

EM 440



EM445

		5.6		5.2		3.3		4.7

		4.1		4.3		4		4

		5.4		5.4		3.5		4.8

		5.5		5.7		4		4.8

		5.6		5.5		3.5		5

		5.4		5.5		3.8		5.2

		5.7		6		4.5		5.8

		5.5		5.3		3.8		5

		5.4		5.7		4		5.3

		5.6		5.3		4.3		5.3

		5.5		5.2		3.5		5.5

		5.7		5.4		4		5.3

		5		4.6		3		4.5

		4.9		4.5		3		4.3

		5		4.8		4		4.3

		5.5		5.7		4.5		5.5

		4.6		4.7		3.5		3.7

		4.7		4.8		3.8		4

		5		5.1		4.5		4.8

		5.4		4.9		3.8		4.7

		5.4		5.4		4.3		5

		5.6		5.2		4		5.2

		5.6		5.2		3.5		5



EM 445 Spring 97

EM 445 Spring 98

ME 445 Spring 00

Spring 01

Question

EM 445



EM450

		5.2		4.9		4.9		5.5

		4.7		4.5		5.4		5.4

		5.2		5.4		5.4		5.5

		5.4		5.1		5.3		5.4

		5.5		5.3		5.3		5.5

		5.3		5		5.1		5.2

		5.8		5.5		5.5		5.8

		5.6		5.5		5.6		5.7

		5.3		5.1		5.1		5.4

		5.3		5		5.4		5.4

		5.3		5.4		5.4		5.5

		5.4		5.2		5.4		5.5

		4.8		4.2		5.1		5.4

		5.1		4		5.3		5.5

		5		4.4		5.1		5.5

		5.2		4.6		5.3		5.5

		5.2		4.2		5		5.5

		4.8		4.8		5		5.2

		4.8		3.9		5		4.2

		4.9		4.6		4.5		5.4

		5.1		5		5.4		5.5

		5.1		4.7		5		5.5

		5.3		5		5.3		5.6



EM 450 Spring 98

EM 450 Spring 99

EM 450 Fall 99

EM 450 Fall 00

Question

EM 450



EM460

		4.9		3.7		4.3		4.7

		4.7		4.4		4.5		4.8

		4.9		4.1		4.3		4.9

		4.9		4.2		4.4		4.8

		4.9		4.4		4.5		5.1

		4.8		4.2		4.6		4.7

		5.7		4.8		5.1		5

		5.4		4.8		4.9		5.1

		4.9		4.1		4.7		4.9

		5.2		4.4		5		5

		5.3		4.8		5		5.1

		5.5		4.5		5		5.1

		4.5		3.5		3.9		4.6

		4.1		3.3		3.8		4.5

		4.4		3.5		4		4.5

		5		4.1		4.5		4.8

		4.3		3.4		3.8		4.3

		4.3		3.7		4.1		4.5

		2.7		3.4		2.8		3.8

		4.5		3.4		3.9		4.5

		4.9		3.9		4.3		4.7

		5.1		3.8		4.1		4.6

		5		4		4.3		4.8



EM 460 Fall 97

EM 460 Fall 98

EM 460 Fall 99

EM 460 Fall 00

Question

EM 460



EM470

		4.4		4.3		4.9		4.7

		4.9		4.5		5.2		4.8

		4.3		4		5.2		4.8

		4.3		4.2		5.2		4.8

		4.5		4.5		5.5		4.9

		4.5		4.2		5.2		4.8

		4.9		4.5		5.5		5.6

		5		5		5.6		5

		4.7		4.7		5.2		4.8

		4.7		5		5.3		4.7

		5.1		5.2		5.4		5.1

		4.7		4.9		5.4		4.9

		4.1		4		4.7		4.3

		4		3.9		4.7		4.2

		4.1		4		4.9		4.3

		4.5		4.3		5.4		4.4

		3.8		3.2		4.4		4

		3.9		3.4		4.6		4.1

		4.1		4		4.2		4.5

		4		4.1		4.8		4.2

		4.6		4.7		5.2		4.6

		4.3		4.6		5.2		4.5

		4.3		4		5.3		4.4



EM 470 Fall 95

EM 470 Fall 97

EM 470 Fall 98

EM 470 Fall 99

Question

EM 470



EM 490

		5.7		3.9		5.6

		5.4		4.1		5.5

		5.7		3.9		5.7

		5.6		3.9		5.6

		5.9		4.2		5.7

		5.7		4.1		5.7

		5.9		4.6		5.9

		5.7		4.7		5.7

		5.7		4.6		5.5

		5.7		4.4		5.7

		5.7		4.6		5.6

		5.9		4.8		5.7

		5.1		3.6		5.4

		5.1		3.5		5.5

		5.6		3.8		5.6

		5.1		3.9		5.5

		5.6		3.8		5.6

		5.7		3.6		5.6

		5		4		5.1

		5.7		3.8		5.7

		5.9		4.5		5.9

		5.7		4.2		5.6

		5.7		3.8		5.7



ME 490 Fall 98

ME 490 Fall 99

ME 490 Fall 00

Question

EM 490



EM 491

		4.9		5

		5.1		5.1

		4.8		5.2

		4.8		5.1

		4.9		5.1

		4.9		5.1

		5.2		5.4

		5.4		5.5

		5.1		5.3

		5.3		5.2

		5.4		5.3

		5.2		5.3

		4.6		4.9

		4.5		4.9

		4.6		5

		5.3		5.5

		3.5		4.8

		4.3		5.1

		2.4		3.7

		4.8		4.8

		5.3		5.3

		5.3		5.3

		4.7		5.1



EM 491 Fall 99

EM 491 Fall 00

Question

EM 491



EM492

		4.3		4.3		4.3		4.5

		4.7		4.4		4.6		4.8

		4.5		4.3		4.4		4.8

		4.3		4.5		4.3		4.8

		4.5		4.4		4.7		4.9

		4.6		4.3		4.7		4.7

		4.9		4.9		4.9		5.1

		4.8		5		4.8		5.1

		4.6		4.5		4.7		5

		4.5		4.5		4.6		5.1
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		7		4.9		5.1		5.2		5.2		5.1		C		5.3		5.5		5.5		5.3		5.2		5.4		5.3		5.3		5.5		5.1		5.3		5.3		4.9		5.2		5.2		4.6		5.3		C		4.9		5.4		5.3		5.5		5.4		5.2		4.9		5.8		4.9		3.6		5.2		5.3		4.7		4.9		C		3.9		4.3		5.5		4.7		4.4		5.5		5.4		5.4		5.8		5.2		5.1		5.4		5.4		5.3		5.3		5.4		5.7		4.8		5.3		5.3		C		5.6		4.8		5.2		5.6		5.2		5.1		4.8		C		4.2		5.6		5.6		5.4		5.5		5.6		5.9		5.9		5.8		C		5.8		5.9		5.8		4.5		4.4		5.3		4.9		C		5.2		5.1		5		5.6		5.4		5.5		4.9		5.1		5.4		5.3		C		5.4		5.5		5		5.6		5.7		5.5		5.4		5.4		5.7		5.2		C		5.4		5.7		5.1		5.7		6		5.8		5.6		C		5.2		5.3		5.4		5.8		5.7		C		5		5		5.6		5.7		5.9		5.7		5.6		C		5.4		5.6		5.5		5.4		5.1		C		4.9		5.2		5.8		5.5		5.8		5.6		C		5.7		6		4.5		5.8		3.3		5.5		4.2		C		3.1		5.8		5.5		5.5		5.8		5.1		5.3		C		5.7		4.8		5.1		5		5.3		4.9		C		4.5		5.5		5.6		5.9		4.6		5.9		5.2		5.4		4.5		5.3		5		C		4.9		4.9		4.9		5.1		5.5		5.4		6		5.5		5.5		5.6		5.7		5.5		5.9		5.5		4.9		5.4		5.4		5.2		5.1		C		5.2		5.2

		8		4.5		4.5		5		4.8		4.8		R		5		5.2		5.4		5		4.7		5		4.9		5		5.5		4.8		5		4.9		4.9		5.1		5.1		4.8		5.3		R		5.1		5.3		5.2		5.3		5.2		5.3		4.6		5.3		5.1		3.8		4.9		5		4.7		4.5		R		3.7		4.2		5.3		4.3		5		5.5		5.2		4.9		4.8		4.9		4.9		5.2		4.8		5.1		5.2		5.2		5.4		5		4.9		4.8		R		5.1		4.9		4.8		5.4		5		5.2		4.8		R		4.5		5.4		5.7		5.5		5.3		5.2		5.4		5.5		5.1		R		5.4		5.1		5.5		4.9		4.6		5.3		4.8		R		5.4		5		4.8		5.6		4.9		4.8		4.8		3.8		5.3		5		R		4.7		5.2		4.7		5.3		5.2		5.2		4.7		5.3		5.5		5.3		R		5.3		5.5		5.5		5.7		5.4		5.6		5.5		R		4.2		5.8		5.2		5.6		5.3		R		4		4.9		5.8		5.3		5.5		5.6		5.5		R		5.4		4.4		5		4.4		4.3		R		4.6		5.1		4.8		5.3		4.8		5.2		R		5.5		5.3		3.8		5		3.4		5.1		3.8		R		3.3		5.6		5.5		5.6		5.7		4.1		4.9		R		5.4		4.8		4.9		5.1		5.4		5		R		5		5.6		5		5.7		4.7		5.7		5.4		5.5		4.5		5.4		5.2		R		4.8		5		4.8		5.1		5		5.4		5.4		5.8		5.5		4.7		4.6		5.1		5.7		5.9		4.7		4.9		5.2		4.9		4.9		R		4.9		4.9

		9		4.2		4.4		4.6		4.5		4.5		I		4.8		4.9		5.1		4.6		4.4		4.8		4.8		4.8		5.1		4.5		4.8		4.9		4.4		4.9		4.8		4.5		5.1		I		4.8		5.2		5.1		5		5.1		5.2		4.7		5.7		5		3.8		4.6		4.9		4.4		4.4		I		3.8		4		5		3.9		4.5		5.2		5		4.6		3.9		4.3		4.6		4.8		4.6		4.7		4.7		4.6		4.6		4.7		4.6		4.3		I		4.5		4.6		4.8		5.2		4.8		5.1		4.9		I		4.1		5.1		5.1		5		4.8		4.6		5.3		4.2		4		I		4.2		3.7		5.1		4.6		4.3		4.7		4.5		I		5.2		5		4.7		5.3		4.7		4.4		4.4		4.8		4.7		4.9		I		4.7		4.9		4.3		5		4.4		5.2		4.2		5		5.3		5.1		I		5.1		5.3		5.4		5.3		5.4		5.7		5.7		I		3.7		5.7		5.1		5.4		4.9		I		3.8		5.2		5.3		5.1		5.6		5.2		5.5		I		5.4		5		5.3		4.1		4.1		I		4.3		4.6		4.5		5.5		5.1		4.9		I		5.4		5.7		4		5.3		3.1		4.9		3.8		I		2.6		5.3		5.1		5.1		5.4		4.2		4.5		I		4.9		4.1		4.7		4.9		5		4.7		I		4.7		5.2		4.8		5.7		4.6		5.5		5.1		5.3		4.5		5.3		4.9		I		4.6		4.5		4.7		5		5.2		5.2		5.7		6		5.2		4.4		4.1		4.9		5.7		5.8		4.4		4.8		4.8		4.6		4.6		I		4.6		4.7

		10		4.2		4.4		4.5		4.5		4.5		T		4.8		5		5.2		4.6		4.3		4.9		4.8		4.8		5.1		4.5		4.9		4.7		4.4		4.9		4.4		4.4		5		T		4.6		5.2		5.2		4.8		5.1		5.2		4.5		5.6		4.9		3.5		4.6		5		4.6		4.3		T		3.6		4		5		3.8		4.5		5.3		5		4.5		4.7		4.4		4.6		4.8		4.6		4.6		4.8		4.5		5		4.8		4.5		4.3		T		4.8		4.6		4.8		5.2		4.8		5		4.7		T		4.1		5.3		5.2		5.1		4.8		4.6		5.3		4.8		4.9		T		5.3		4.3		5.3		4.8		4.4		4.7		4.5		T		4.9		4.9		4.7		5.4		4.4		4.6		4.6		4		4.9		5		T		4.7		5.1		4		5.1		4.6		5		4.3		5		5.3		5		T		5		5.3		5.3		5.6		5.1		5.3		5.6		T		4		6		5.3		5.3		4.8		T		3.2		5		5.3		5.3		5.5		5.2		5.3		T		5.2		5.2		5		4.5		4.4		T		4.4		4.8		4.8		5.3		4.8		5		T		5.6		5.3		4.3		5.3		2.8		4.8		3.5		T		2.4		5.3		5		5.4		5.4		4.1		4.7		T		5.2		4.4		5		5		4.9		4.7		T		5		5.3		4.7		5.7		4.4		5.7		5.3		5.2		4.4		5.4		4.8		T		4.5		4.5		4.6		5.1		4.8		5.1		5.7		5.8		5.5		4.5		4.1		4.9		5.7		5.8		4.4		4.8		4.8		4.7		4.6		T		4.7		4.7

		11		4.7		4.7		4.7		4.8		4.6		I		4.9		5.2		5.3		4.9		4.7		5.1		4.9		5.1		5.2		4.8		4.9		4.9		4.9		5.3		4.7		4.3		4.9		I		4.9		5.4		5.4		5		5.3		5.4		4.6		5.6		4.6		3.7		4.7		5.2		4.9		4.7		I		4.2		4.2		5.1		4.5		4.8		5.2		5.3		4.8		5.3		4.8		4.7		5		4.9		4.9		5		4.8		5.5		4.9		4.7		4.7		I		5.1		5		5.1		5.6		5		5.2		4.8		I		4.2		5.4		5.3		5.4		5.1		4.8		5.6		5.5		5.3		I		5.4		5		5.5		5		4.7		4.8		4.7		I		5.2		5.1		4.8		5.4		4.9		4.6		4.7		4.8		5.2		5.3		I		4.9		5.1		4.5		5.3		4.9		5.4		4.9		5.1		5.3		5.2		I		5.2		5.4		5.4		5.5		5.4		5.4		5.5		I		4.3		5.5		5.4		5.3		5		I		3.8		5		5.2		5.3		5.4		5.4		5.3		I		5.2		4.6		5.3		5		4.7		I		4.6		4.8		4.8		5.8		5		5		I		5.5		5.2		3.5		5.5		3.6		4.9		3.9		I		3.9		5.3		5.4		5.4		5.5		4.4		5.2		I		5.3		4.8		5		5.1		5.4		5.1		I		5.2		5.4		5.1		5.7		4.6		5.6		5.4		5.3		4.5		5.2		5		I		4.5		4.5		5		4.9		5.3		5		6		6		5.8		4.6		3.7		5.3		5.7		5.8		4.7		5.1		5.1		4.9		4.8		I		5		4.9

		12		4.6		4.7		4.7		4.8		4.7		Q		5.2		5.2		5.4		4.9		4.6		5.2		5.2		5.1		5.5		4.8		5.1		5.2		5		5.3		4.8		4.5		5.1		Q		4.9		5.4		5.4		5.1		5.3		5.6		5.1		5.9		5.4		4.2		5.3		5.4		4.9		4.5		Q		3.7		4		5.1		4.4		4.9		5.3		5		4.8		3.4		3.9		4.7		4.8		5.1		4.9		5		5.1		4.8		5.1		4.8		4.7		Q		4.8		4.7		5.1		5.7		5.1		5.4		5		Q		4.2		5.4		5.5		5.1		5.2		5.2		5.8		4.5		4		Q		4		3.4		5.8		5.3		4.7		5		5		Q		5.5		5.4		5.3		5.6		4.9		4.8		4.6		5.5		5.4		5.1		Q		4.9		5.5		4.8		5.4		4.7		5.5		4.8		5.4		5.6		5.3		Q		5.3		5.6		5.6		5.6		5.9		5.6		5.8		Q		4.5		5.5		5.5		5.4		5.2		Q		3.6		4.8		5.2		5.2		5.7		5.7		5.4		Q		5.4		5.2		5.8		4.7		4.4		Q		4.6		4.6		4.8		5.5		5.3		5.4		Q		5.7		5.4		4		5.3		3.8		5.3		4		Q		2.8		5.4		5.2		5.4		5.5		4.6		5.2		Q		5.5		4.5		5		5.1		5.5		4.7		Q		4.9		5.4		4.9		5.9		4.8		5.7		5.2		5.3		4.6		5.4		4.9		Q		4.7		4.7		4.8		4.9		5.2		5.1		5.9		6		5.5		4.6		4.6		5.1		5.9		5.7		4.8		5.2		5.2		4.9		4.8		Q		4.8		4.9

		13		4.1		4.2		4.1		4.1		4.2		U		4.5		4.3		4.8		4		4.1		4.4		4.5		4.4		4.9		4		3.9		4.4		3.9		4.4		4.2		3.6		4.2		U		4.2		4.4		4.4		4.1		4.5		4.7		3.7		4.7		3.8		3.3		4.3		4.7		4		4.2		U		3.7		3.6		4.2		3.6		3.5		4.7		4.2		4.1		4.7		4.1		4.3		4.5		4.5		4.6		4.6		4.5		4.7		4.5		4.6		4.5		U		4.6		4.4		4.5		4.8		4.6		4.8		4.6		U		3.7		4.7		4.7		4.3		4.2		4.6		4.7		4.8		4.4		U		4.6		3.9		4.9		4.3		4.1		4.7		4.3		U		4.7		4.4		4.6		4.9		3.6		4.1		4		4.4		4.4		4.2		U		4.1		4.6		3.7		4.4		4.6		4.9		3.9		5		5.2		4.9		U		4.8		5		4.7		5.5		5		5		5.1		U		2.8		4.3		4.8		5		4.8		U		3.7		4.3		5.1		4.8		5.3		4.8		4.9		U		5.4		4.4		4.7		4		4.3		U		3.9		4.1		4		4.5		4.8		4.5		U		5		4.6		3		4.5		1.9		4.5		3.3		U		2.3		4.8		4.2		5.1		5.4		3.5		4		U		4.5		3.5		3.9		4.6		4.7		4.1		U		4		4.7		4.3		5.1		3.6		5.4		4.6		4.9		4.3		4.8		4.3		U		4.4		3.6		3.6		4		4.7		4.4		4.3		4.5		5.2		3.9		2.4		4.1		5.1		5.3		4.2		4.2		4.6		4.3		4.3		U		4.3		4.4

		14		4.1		4.2		4		4.1		4.1		E		4.5		4.4		4.7		3.8		4		4.3		4.5		4.4		5		4.1		4		4.3		4		4.2		3.7		3.3		4		E		4		4.3		4.2		3.7		4.3		4.6		3.8		4.6		3.8		3.4		4.3		4.6		3.9		4.2		E		3.7		3.3		3.9		3.6		3.4		4.7		4.1		3.9		4.4		4.3		4.2		4.6		4.54		4.6		4.5		4.3		4.7		4.4		4.5		4.2		E		4.6		4.3		4.4		5		4.4		4.6		4.5		E		3.4		4.6		4.6		4.4		4.1		4.4		4.3		4.5		4.2		E		4.3		3.3		4.8		4.2		3.9		4.6		4.2		E		4.6		4.3		4.5		4.9		3.6		3.9		4		4.4		4.3		4		E		3.8		4.3		3.8		4.3		4.5		4.9		3.8		5		5.3		4.9		E		4.7		4.7		4.6		5.4		4.8		4.9		5.4		E		3.1		4.5		4.7		5.1		4.6		E		3.6		4.1		5.1		4.7		5.3		5		4.8		E		5.2		4.4		5		4.1		4.1		E		3.6		4		3.9		2.5		4.8		4.4		E		4.9		4.5		3		4.3		2		4.6		3.4		E		2.2		5.1		4		5.3		5.5		3.6		3.8		E		4.1		3.3		3.8		4.5		4.5		4		E		3.9		4.7		4.2		5.1		3.5		5.5		4.5		4.9		4.1		4.9		4.4		E		4.4		3.6		3.6		3.8		4.7		4.4		4.4		5.2		4.7		4.1		2.2		4		5.1		5.3		4.2		4.2		4.4		4.2		4.2		E		4.1		4.3
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		5.1		5.1		5.5		4		5.2

		5.1		4.8		5.3		4.4		5.3

		5.4		5.5		5.6		3.5		5.3

		5.4		5.5		5.4		3.7		5.3

		5.4		5.3		5.4		3.6		5

		5.4		5.2		5.2		3.6		5.2

		6		5.8		5.6		5.2		5.3

		5.4		5.6		5.5		4.2		5.8

		5.4		5.7		5.7		3.7		5.7

		5.1		5.3		5.6		4		6

		5.4		5.4		5.5		4.3		5.5

		5.9		5.6		5.8		4.5		5.5

		5		5		5.1		2.8		4.3

		4.8		4.9		5.4		3.1		4.5

		5		5		5.1		3.3		5

		5.3		5.3		5		4.1		5.7

		4.6		4.6		4.9		3.1		5

		4.6		4.8		4.9		3.5		4.7

		4.1		3.6		4.5		2.9		4.7

		4.8		4.9		4.6		3.3		4.7

		4.6		4.6		4.9		4.1		5

		5		4.6		4.9		3.1		5.3

		5.3		5.1		5.5		3.5		5.5
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