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I. Assessment Outcomes from the Course Syllabus

	 FORMCHECKBOX 
 (A) Ability to apply knowledge of mathematics, science and engineering.
	 FORMCHECKBOX 
 (G) Ability to communicate effectively in written and oral formats.

	 FORMCHECKBOX 
 (B) Ability to design and conduct experiments as well as analyze and interpret data.
	 FORMCHECKBOX 
 (H) A broad education necessary to understand the impact of engineering solutions in global, economic, and societal context.

	 FORMCHECKBOX 
 (C) Ability to design a system, component, or process to meet desired needs.
	 FORMCHECKBOX 
 (I) Recognize the need for, and have the ability to engage in life long learning.

	 FORMCHECKBOX 
 (D) Ability to function on multidisciplinary teams.
	 FORMCHECKBOX 
 (J) Have a broad education and knowledge of contemporary issues.

	 FORMCHECKBOX 
 (E) Ability to identify, formulate, and solve engineering problems.
	 FORMCHECKBOX 
 (K) Ability to use techniques, skills and modern engineering tools necessary for engineering practices.

	 FORMCHECKBOX 
 (F) An understanding of professional and ethical responsibility.
	


II. List of Course Topics from the Course Syllabus

1. Introduction to Total Quality management 

2. Guest speaker on understanding your customer 

3. Assignment of teams and projects 

4. Guest speaker on successful entrepreneurship 

5. Team building exercise 

6. Product design specifications 

7. Concept selection 

8. Engineering economics 

9. Guest speaker on project scheduling 

10. Guest speaker on codes and standards 

11. Guest speaker on business plan development 

12. Guest speaker on intellectual property issues 

13. Guest speaker on engineering presentations 

14. Group project proposal presentations to instructor and faculty/industry mentors
Additional Graded Student Activity:
15. Laboratory Notebook

16. Homework and In-class Activities 

17. Peer and Mentor Evaluations

18. Written Proposal

19. Exam on Technical Writing

20. Exam on Design Algorithm

III. Course Assessment Summary Table: one row of the table should be devoted to each of the checked outcomes in part I. 

	Outcome
	Topics
	Specific Measures

	(A) Ability to apply knowledge of mathematics, science and engineering.
	14, 18
	· Scores on Proposal Section Entitled “Introduction”
· Scores on Each Student’s Appendix 

	(B) Ability to design and conduct experiments as well as analyze and interpret data.
	15, 18
	· Lab Book Scores

	(C) Ability to design a system, component, or process to meet desired needs.
	14, 16, 18, 20
	· Points lost on the Following Sections in Written Proposal: Customer Preferences, Target Technical Specifications, Engineering Design Synthesis, Concept Selection, Final Technical Specifications
· Team and Student Seminar Scores
· Individual Student Exam Score

	(D) Ability to function on multidisciplinary teams.
	2, 3, 4, 5, 8, 11, 17
	· Peer & Mentor Evaluation (Individual Score)

	(E) Ability to identify, formulate, and solve engineering problems.
	6, 7, 14, 18
	· Student Course Grades


	(F) An understanding of professional and ethical responsibility.
	1, 3, 9, 10, 12, 14, 15, 17, 18
	· Mentors Are Practicing Professionals
· Peer & Mentor Evaluation (Individual Scores)

	(G) Ability to communicate effectively in written and oral formats.
	13, 14, 15, 18, 19
	· Written Proposal Scores
· Individual Student Proposal Appendix Score

· Team Seminar Score

· Individual Student Seminar Score

· Individual Student Exam Score

	(H) A broad education necessary to understand the impact of engineering solutions in global, economic, and societal context.
	14, 18
	· Inherent Nature of the Design Projects

	(I) Recognize the need for, and have the ability to engage in life long learning.
	18
	· Cited Refereed Journals

	(J) Have a broad education and knowledge of contemporary issues.
	14, 18
	· Inherent Nature of the Design Projects

	(K) Ability to use techniques, skills and modern engineering tools necessary for engineering practices.
	9, 16, 18
	· Tools Listed in the “Engineering Analysis, Modeling and Simulation”  Section of the Team Written Proposal


IV. Using the table as a guide, for each outcome summarize your evaluation of the students’ achievement of that outcome; cite student performance on the identified measures as evidence to support your conclusions.

(A) Ability to apply knowledge of mathematics, science and engineering.

For archiving and reporting purposes, the instructor gave each team an icon name from a list of “islands”. This report will use the icon names for brevity. Table A.1 gives a summary of some team characteristics for Fall 2007 EE415.
Each of the seven design teams wrote a proposal. There were several locations in these proposals where students showed ability to apply knowledge of mathematics, science and engineering. For this report student performance in the Introduction section will be cited as evidence that they have ability to apply knowledge of mathematics, science and engineering. EE415 writing guidelines for the Introduction section say, 
“Here are five objectives for the introduction: a) by way of a literature review it shows the reader that the team has accumulated a reading knowledge of the topics covered by your design project, b) it allows the reader to strengthen their background in these topics by reading the introduction and by reading cited references, c) it shows the reader that you will not duplicate other’s work since your work will go beyond what is described in the introduction, d) it cites high quality references as epitomized by refereed engineering and science journal articles and e) at the end of the introduction in a final short paragraph it tells the reader how your document is organized and what the reader should look for in each of the major sections. Spend about 70% of the Introduction on engineering topics within the general discipline where your design project is located and only about 30% of the Introduction on your specific design project. Many of your readers have a technical background but not in the area related to your project. You must ‘bring them along’ with you and capture their interest. Assume that your reader is a ‘quick learner’ but that they do need some introductory material about the discipline involved and about your design challenge. Present an equivalent circuit whenever practical. Equivalent circuits of interest could be induction motor, autotransformer, solar cell, dc-ac inverter, charge controller, fuel cell, force transducer for a robot arm, stepper motor, oscillator, antenna, transmission line, etc. Digital systems are not well represented by equivalent circuits but for some projects background information is needed on items such as FPGA, VHDL, digital communication protocol, etc.”

    Table A.2 lists teams and technical topics covered in the Introduction section of their proposal. The instructor reviewed the Introduction section of graded proposals and tabulated points lost to technical errors (see Table A.3.)  Five teams lost 0 points, one team lost 6 points, and one team lost 12 points. Sumatra lost 3 points for failing to describe how pulse width modulation is used in booster and H-bridge circuits. They also lost 3 points for an inconsistent description of their electrical load. The rest of the Sumatra Introduction contained quality information and the overall section was considered passing.  The Java team lost 3 points for failing to show an equivalent circuit for at least one gantry crane motor. They lost 3 points for failing to show the torque-speed curve for a typical gantry crane mechanical load. They lost another 3 points for not mentioning details about the station service circuit. Java lost 3 points for failing to clearly describe the number and type of cranes that were to be included in their design project. Twelve points lost to technical content was excessive and showed that the Java team possessed only superficial knowledge in topics related to their design project. All members of the Java team received course grades less than C and must repeat EE415. The Introduction in the written proposal shows that all teams not required to repeat EE415 demonstrated an ability to apply knowledge of mathematics, science and engineering; however it does not present evidence regarding individual student abilities. For that, the instructor invokes the fact that each student wrote an appendix in the proposal that described the project from their vantage point. These individual student scores are shown in Table A.4. Remarkably low scores (68, 48, 61, 45, and 71) appear for students # 19, 23, 25, 27, and 28, respectively. Students #23, 25, 27, and 28 received a course grade less than C and must repeat EE415. Student #19 lost only 3 points for technical content thus his low score was mostly unrelated to his ability to apply knowledge of mathematics, science and engineering. Thus the data shown in this section supports the contention that students passing EE415 Fall 2006 possessed sufficiently strong ability to apply knowledge of mathematics, science and engineering.

Table A.1. Summary of design teams for EE415 in fall semester 2007.

	Team Name
	Number of Students 
	Sponsor
	Project Title

	Corsica
	4
	Grant County PUD
	"Voltage Support Procedure"

	Elba
	4
	Tacoma Power
	"Dynamic Line Ratings"

	Java
	4
	U.S. Army Corps of Engineers
	"Gantry Crane Power Supply"

	Kodiak
	5
	Ergami LLC
	"Wireless Radio Frequency Powered Lighting System for Furniture"

	Mindanao
	5
	Cypress Semiconductor
	"Temperature Compensated Digitally Controlled Crystal Oscillator"

	Sumatra
	4
	InnovaTek
	"Development of a Compact Chip-based Controller for a Fuel Cell System Using Matlab/Simulink"

	Timor
	5
	SEL
	"Ethernet-based Communications Network for Protective Relaying "


Table A.2. Primary technical topics covered in the Introduction section of Fall 2007 EE415 written proposals. 
	Team Name
	Primary Technical Topics Covered in Introduction Section of Proposal

	Corsica
	Power system voltage control equations

	Elba
	Thermal model of conductors

	Java
	Gantry cranes

	Kodiak
	Wireless systems

	Mindanao
	Crystal oscillators

	Sumatra
	Fuel cell systems

	Timor
	Digital data acquisition for power systems


Table A.3. Points lost to technical errors in Introduction section of graded proposals. 

	Team
	Points Lost to Technical Errors

	Corsica
	0

	Elba
	0

	Java
	12*

	Kodiak
	0

	Mindanao
	0

	Sumatra
	6

	Timor
	0


*All members of this team must repeat EE415.

Table A.4. Student scores for their individual appendix in the written proposal. 

	Student Number
	Score on Appendix Written by This Student (100)

	1
	82

	2
	97

	3
	84

	4
	89

	5
	91

	6
	100

	7
	97

	8
	77

	9
	97

	10
	93

	11
	97

	12
	87

	13
	97

	14
	91

	15
	97

	16
	91

	17
	100

	18
	81

	19
	68

	20
	100

	21
	77

	22
	100

	23*
	48

	24
	88

	25*
	61

	26
	94

	27*
	45

	28*
	71

	29
	87

	30
	93

	31
	100


*These students must repeat EE415.
(B) Ability to design and conduct experiments as well as analyze and interpret data.

Each student was required to keep a laboratory notebook for the duration of EE415. Lab book guidelines read:

“Each student must maintain a lab book. It is feasible that your lab book will support an invention disclosure and it will definitely document your time spent on the design project. Generation and protection of intellectual property are other important reasons to keep a detailed lab book. In EE415/416, a well-kept lab book will be a mix of handwritten comments and attached exhibits. Your lab book can also function as a journal where you record your thoughts about the project. It is logical for an instructor to assume that a weak lab book results from insufficient hours per week spent on the project. Some of your EE416 evaluations will be oral reviews supplemented with a review of your lab book. A weak performance on the oral review can be "salvaged" by a strong lab book. This is very important to the person for whom English is not their primary language. Lab books are not just for grading but they are also for your convenience when you need to retrieve data that was generated earlier and recorded in your lab book.”

On two different occasions, the EE415 teaching assistant inspected and graded each student’s lab book. The lab book grading rubric is shown in Table B.1 while lab book scores are shown in Table B.2. Scores were quite high showing that students were quick to develop strong lab book habits. Students #3 and 15 received the lowest grades (70%); however, there were for the first lab book inspections and they responded well by improving their lab book scores significantly for the second inspection. With the caveat that EE415 does not have a strong experimental component, the instructor concludes that these high lab book scores are evidence that the EE415 students finished the course with an acceptable ability to design and conduct experiments as well as analyze and interpret data. 
Table B.1. Grading rubric applied to lab book scores. 

	
	Points Deducted (100 Points Available)

	Number of Errors in the Category
	Category I.

Lab Book Setup and Page Formatting
	Category II.

Volume of Lab Book Entries (Written Sentences and Attached Exhibits)
	Category III.

Legibility and Coherence (Not Neatness) of Lab Book Entries
	Category IV.

Attachment Techniques for Exhibits and Quality of Exhibits

	1
	-5
	-10
	-5
	-5

	2
	-10
	-20
	-10
	-10

	3
	-15
	-20
	-15
	-15

	4
	-20
	-20
	-20
	-20

	5
	-25
	-20
	-25
	-25

	(6
	-25
	-20
	-30
	-25


Table B.2. Lab book scores for EE415.

	Student Number
	Lab Book Grade #1 (100)
	Lab Book Grade #2 (100)

	1
	100
	90

	2
	95
	90

	3
	70
	95

	4
	100
	100

	5
	95
	95

	6
	100
	100

	7
	95
	100

	8
	100
	95

	9
	95
	100

	10
	100
	100

	11
	100
	95

	12
	100
	90

	13
	95
	100

	14
	100
	90

	15
	70
	80

	16
	100
	95

	17
	90
	95

	18
	95
	100

	19
	95
	90

	20
	100
	90

	21
	100
	90

	22
	95
	90

	23
	80
	85

	24
	100
	100

	25
	100
	100

	26
	85
	95

	27
	85
	95

	28
	90
	100

	29
	95
	100

	30
	90
	90

	31
	80
	85


 (C) Ability to design a system, component, or process to meet desired needs.

In EE415 each team received a sponsoring company or institution and a mentor who was a practicing engineer or scientist with the sponsor. In EE415 students write proposals describing (in preliminary terms) the design concept to be pursued in E416. The complete design algorithm used in EE415/416 consists of the steps shown in Table C.1 (some steps are in iterative paths). In the EE415 written proposals, teams are expected to demonstrate a working understanding of Steps 1-7, thus they show an ability to design a system, component, or process to meet desired needs. The preliminary design described in EE415 (Step 6) becomes much more detailed by the time students finish EE416 (Steps 8-12). Some EE415 teams make progress on Step 8; however, time contraints force most of the Step 8-12 activities into EE416. 
Performance on the written proposal sections listed in Table C.2 are cited as evidence that these EE415 teams have a sufficiently strong ability to design a system, component, or process to meet desired needs. (An important caveat is that students develop detailed design skills only after they complete the follow-on course EE416.) 
The grading rubric for the written proposal is shown in Table C.3. Points lost in Category VII Design Algorithm have been tabulated for the seven teams and are shown in Table C.4. Elba, Mindanao, and Timor each lost no “design points”. Corsica and Kodiak each lost 4 design points (as shown in Table C.3 one error yielded a 4 point deduction) and in both cases the error related to a lack of quantitative values for the target technical specifications. Sumatra committed two design errors resulting in the loss of 8 points due to misguided target technical specification and misguided final technical specifications. Java lost 12 design points due to 3 design errors related to concept generation, bench marking, and concept selection. The Java team must repeat EE415 and so will have another opportunity to master the design algorithm.
Previous comments in this section addressed team performance. Each individual student was required to show intimate familiarity with the design process by contributing at least 12 minutes to a seminar where the audience included the mentor, other professionals, and other WSU students. It is claimed that a cohesive seminar could be presented only if each team member was adequately familiar with the design process that has been followed to bring the team to this point in their project. Table C5 shows team grades for seminar performance while Table C6 shows individual student grades for seminar performance. The only low and bothersome scores are for team members that must repeat EE415. 
For the first time this semester, a design algorithm exam was administered in EE415 and the results are shown in Table C.7. Scores ranged between 55% and 100%. The Java team which must repeat EE415 scored 40, 85, 70, and 70% on this design algorithm exam. The Sumatra team which lost 8 points in Table C.4 scored 85, 65, 60, and 60% on this design algorithm exam. The trend is that students on the two teams weakest on design concepts in their proposal scored quite low on the design algorithm exam. Student number 16 had the lowest exam score and was on the Kodiak team which lost 4 design points. The design exam was given early in the semester and sampled student knowledge at that time. Scores on the final proposals reflect several iterative learning experiences with the design algorithm. 
The evidence presented in this section shows that EE415 students not forced to repeat EE415 have a sufficiently strong ability to design a system, component, or process to meet desired needs. Tables C.4 and C.7 show that three member of the Sumatra team displayed marginal but acceptable design skills.  
Table C.1. Abreviated list of steps included in the EE415/416 design algorithm. These are consistent with the course textbook.
	Design Step Number
	Design Step Description
	Course

	1
	Build the Team 
	EE415

	2
	Develop Communication Link with Customer
	EE415

	3
	Establish Customer Preferences
	EE415

	4
	Convert Customer Preferences to Target Technical Specifications
	EE415

	5
	Engineering Design Synthesis (Concept Generation and Concept Selection)
	EE415

	6
	Describe Preliminary Design
	EE415

	7
	List Final Technical Specifications
	EE415

	8
	Engineering Analysis, Modeling, and Simulation
	EE416

	9
	Determine Behavior of Revised Design
	EE416

	10
	Refinements
	EE416

	11
	Prototyping
	EE416

	12
	Describe Final Design
	EE416


Table C.2. Written proposal sections used to evaluate Outcome C.
	Customer Preferences

	Target Technical Specifications

	Concept Generation

	Concept Selection

	Final Technical Specifications


Table C.3. Grading rubric for team score on written proposal. This rubric was included in the assignment.
	
	Points Deducted

	Number of Errors in the Category
	I. Page Setup and “Boiler Plate” Items
	II. Miscellaneous
	III. Figures and Tables
	IV. References
	V. Gantt Charts
	VI. Accuracy of Technical Content
	VII. Design Algorithm
	Errors Associated with These “Final Proposal” Guidelines

	1
	-2
	-1
	-2
	-3
	-3
	-3
	-4
	-2

	2
	-4
	-2
	-4
	-6
	-6
	-6
	-8
	-4

	3
	-6
	-3
	-6
	-9
	-9
	-9
	-12
	-6

	4
	-8
	-4
	-8
	-12
	-12
	-12
	-12
	-8

	5
	-10
	-5
	-10
	-12
	-12
	-15
	-12
	-10

	6
	-10
	-6
	-12
	-12
	-12
	-18
	-12
	-12

	7
	-10
	-7
	-12
	-12
	-12
	-18
	-12
	-12

	8
	-10
	-8
	-12
	-12
	-12
	-18
	-12
	-12

	9
	-10
	-9
	-12
	-12
	-12
	-18
	-12
	-12

	10
	-10
	-10
	-12
	-12
	-12
	-18
	-12
	-12

	11
	-10
	-11
	-12
	-12
	-12
	-18
	-12
	-12

	12
	-10
	-12
	-12
	-12
	-12
	-18
	-12
	-12


Table C.4. Points lost in the written proposal team score to errors in Category VII Design Algorithm in sections entitled: Customer Preferences, Target Technical Specifications, Concept Generation, Concept Selection, and Final Technical Specifications

	Team
	Points Lost to Design Algorithm Errors

	Corsica
	4

	Elba
	0

	Java*
	12*

	Kodiak
	4

	Mindanao
	0

	Sumatra
	8

	Timor
	0


*All members must repeat EE415.
Table C.5. Team seminar scores. 

	Team
	Team Seminar Score (100)

	Corsica
	100

	Elba
	100

	Java*
	20*

	Kodiak
	100

	Mindanao
	90

	Sumatra
	100

	Timor
	100


*All Java team members must repeat EE415.

Table C.6. Student seminar scores. 

	Student Number
	Seminar Score (100)

	1
	100

	2
	100

	3
	100

	4
	100

	5
	100

	6
	100

	7
	100

	8
	100

	9
	100

	10
	100

	11
	100

	12
	100

	13
	100

	14
	100

	15
	100

	16
	100

	17
	100

	18
	100

	19
	100

	20
	100

	21
	100

	22
	100

	23*
	75

	24
	100

	25*
	50

	26
	100

	27*
	65

	28*
	85

	29
	100

	30
	90

	31
	100


*These students were on the Java team and all must repeat EE415.
Table C.7. Student scores for design algorithm exam. 

	Student Number
	Seminar Score (100)

	1
	85 (Sumatra)

	2
	100

	3
	80

	4
	80

	5
	65 (Sumatra)

	6
	85

	7
	70

	8
	60 (Sumatra)

	9
	75

	10
	85

	11
	95

	12
	70

	13
	85

	14
	65

	15
	60 (Sumatra)

	16
	55

	17
	95

	18
	80

	19
	70

	20
	90

	21
	100

	22
	80

	23*
	40

	24
	75

	25*
	85

	26
	60

	27*
	70

	28*
	70

	29
	70

	30
	80

	31
	95


*These students were on the Java team and all must repeat EE415.
 (D) Ability to function on multidisciplinary teams.

Each student in Fall 2007 EE415 was assigned to a project team with size 4 or 5 students.  These teams included students with diverse interests (e.g. software, hardware, electrophysics, computer engineering, analog electronics, etc.) From the standpoint of majors, the team members were a mix of electrical engineering majors and computer engineering majors. To evaluate a student's effectiveness in the team environment, at the end of the semester each student and each mentor was asked to prepare an evaluation of the student members of the team. Each evaluator (student or mentor) assigned a grade to each student on the team. Grades solicited from students and mentors were based on the following criteria:  

A. Student work demonstrates consistently excellent scholastic performance; thorough comprehension; ability to correlate the material with other ideas, to communicate and to deal effectively with course concepts and new material; reliability in attendance and attention to assignments. 

B. Student work demonstrates superior scholastic performance overall, reliability in attendance, and attention to assignments; may demonstrate excellence but be less consistent than the work of an A student.

 C. Student work demonstrates satisfactory performance overall, as well as reliability in attendance, and attention to assignments.

 D. Student work demonstrates minimal, barely passing performance overall; limited knowledge of subject matter.

 F. Student work demonstrates unsatisfactory performance and comprehension or unfulfilled requirements. The grade is failing.

These letter grades were converted to scores based on the scale: A=100%, A-=95%, B+=90%, B=85%, B-=80%, C+=77%, C=75%, C-=70%, D+=67%, D=65%, D-=60%, and F=0. These peer and mentor scores are summarized in the histogram shown in Figure D.1. 
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Figure D.1. Histogram of peer and mentor scores. 
These are very high scores (minimum is 88 %) showing that all of these students possessed an acceptable ability to function on multidisciplinary teams. 
Not only were the teams composed of students with multidisciplinary interests but the array of topics covered by the projects was multidisciplinary. The Corsica team worked on electric power Voltage control techniques. The Elba team worked on heat conduction models as they relate to dynamic power line current ratings. the Java team worked on providing power to hydroelectric dam gantry cranes. The Kodiak team worked on wireless power supplies for furniture lighting systems. The Mindanao team worked on a temperature compensated digitally controlled crystal oscillator. The Sumatra team worked on Matlab/Simulink modeling of the componenets in a fuel cell-based electric power supply. The Timor team worked on an ethernet-based communications network for protection of electric power systems.
Mentor and co-mentor specialties also cut across many disciplines and included electronics engineers, electric power engineers, computer engineers, a computer scientist, an interior designer, a physicist, a biologist, a mechanical engineer, and a chemical engineer. Data and facts presented in this section support the assertion that these Fall 2007 EE415 students have sufficiently strong abilities to function on multidisciplinary teams. 
(E) Ability to identify, formulate, and solve engineering problems.

Each team was required to complete the initial steps on an engineering design project that was completely "open ended". An industry professional acted as mentor and there were several other professionals available as resource persons for the teams (the instructor and a faculty resource person for each team.) As part of the design project, each team was required to participate in writing a proposal and presenting a seminar, both of which described the initial work on their design and described work to be completed in EE416. Professionals (practicing engineers and scientists) attended the seminar and read the proposals. The overall student grades for Fall 2007 EE415 ranged from A to D. All members of one team received grades below a C and were required to repeat EE415. Neglecting the four students required to repeat EE415, the course grades ranged from A to B, showing that all students successfully completing EE415 were able to identify, formulate, and solve engineering problems.
(F) An understanding of professional and ethical responsibility.
Two seminars related to professional and ethical responsibility were presented to these students: 1) “Engineering Ethics” by Ghery Pettit from Intel and 2) “Intellectual Property” by Sherry Gordon from the WSU Attorney General Office. Students in EE415 demonstrate their understanding of professional and ethical responsibility as they interact with peers on their team and as they interact with the team mentor. The instructor assumes that students displaying errant professional and ethical behavior will receive low peer/mentor grades. Table F.1 lists the mentors for the Fall 2007 EE415 teams. Mentors interacted with team members in the following venues: 1) face-to-face team meetings, 2) conference calls, 3) email exchanges, 4) telephone calls, 5) review of drafts of the written proposal, and 6) attendance at the team seminar. Table F.2 shows composite peer/mentor scores for students enrolled in EE415 fall 2007. From the scores listed in Table F.2 only two were below 90%. These “low” scores are for students #26 and 29. Table F.3 shows a summary of negative comments cited by team mates for students receiving a peer/mentor score less than 90%. Apathy and lack of communication skills are the salient complaints appearing in Table F.3. The lowest grade given by a mentor to a student was “B-” with negative comments related to missing document deadlines and failure to fully utilize the professional expertise of the co-mentor. The absence of low scores given by mentors suggests that the mentors identified no major student breaches of professional or ethical responsibility. These evaluations by peers and mentors support the instructor’s conclusion that students passing EE415 Fall 2007 understood their professional and ethical responsibilities. 

Table F.1. Mentors for EE415 during Fall semester 2006.
	Team Name   
	Mentor 

	Corsica
	Rodney Noteboom, PE

Electric Power Engineer

Grant County PUD

Ephrata, WA 98823

	Elba
	Amy Grice

Electric Power Engineer

Protection & Controls Engineering

T&D Engineering

Tacoma Power

Tacoma, WA 98409-3192

	Java
	Mathew Walden

Electric Power Engineer

Chief of Operations & Maintenance

Albeni Falls Dam

US Army Corps of Engineers

Newport, WA 99156-0310

	Kodiak
	Joe Felice

Interior Designer

Ergami, LLC

Spokane Valley, WA 99206

	Mindanao
	Greg Barnes

Electronics Engineer

Design Engineering Department Manager 

Cypress Semiconductor 

Moscow, ID 83843

	Sumatra
	Quentin Ming, PhD

Chemical Engineer

Director of Sustainable Power

InnovaTek, Inc

Richland, WA 99354

	Timor
	Greg Zweigle

Electrical Engineer

Schweitzer Engineering Laboratories, Inc.

Pullman, WA 99163


Table F.2. Peer/mentor composite grades for students enrolled in EE415 fall 2006.
	Student Number
	Composite Peer/Mentor Grade (100)

	1
	93

	2
	100

	3
	95

	4
	95

	5
	100

	6
	100

	7
	100

	8
	100

	9
	97

	10
	100

	11
	96

	12
	93

	13
	95

	14
	96

	15
	100

	16
	96

	17
	100

	18
	90

	19
	94

	20
	100

	21
	96

	22
	100

	23
	95

	24
	93

	25
	95

	26
	89

	27
	100

	28
	95

	29
	88

	30
	100

	31
	100


Table F.3. Comments cited by team mates when peer/mentor score was less than 90%.
	Student Number
	Negative Issues Cited by Team Mates

	26
	“Terrible communicator. Writing had to be redone from scratch.”
“Had a lot of trouble communicating. It was difficult to explain what was expected for him and it was difficult to integrate his parts of the report.”

	29
	“Needs explicit motivation to complete tasks. Needs to work on scheduling. Often forgot about meetings and due dates.”
“Didn’t always put forth effort and/or enthusiasm during team meetings and work sessions.”


(G) Ability to communicate effectively in written and oral formats.

The instructor arranged several seminar/workshop sessions to enhance students’ written and oral presentation skills. Students had numerous occasions at which they demonstrated these skills. There was an exam on technical writing guidelines.
The written proposal was built sequentially from two drafts that lead to the final proposal. The use of technical writing guidelines (provided by the instructor) was emphasized. Students were also encouraged to refer to their textbook (or handout notes) from their technical writing course, Engl 402 or Engl 403. Draft #1 of the proposal was critiqued by tutors provided by the WSU Writing Center. During an 80 minute workshop, one tutor per team evaluated the draft document and provided feedback to the team. Grading for Draft #1 was “bimodal” in the sense that full credit was given to any team bringing their Draft #1 to the workshop (zero credit was reserved for teams opting to not participate; however, all teams participated.) The writing tutors requested that they not be viewed as “grading” the documents since they wanted free flow of ideas between the teams and the tutors. Historically, this is a very popular workshop for the EE415 students. Draft #2 and then the final version of the proposal were graded by the instructor with help from the teaching assistant (mentor comments were also solicited). The grading rubric used by the instructor to grade the final written proposal is shown in Table C.3 on page 11. Four (I, II, III, and IV) of the seven grading categories were affiliated with writing proficiency. 

For oral presentation techniques the EE415 students attended a seminar entitled “Giving Effective Engineering Presentations” by Mr. Randy Rhodes, an electrical engineer with PacifiCorp located in Portland, Oregon.  The seminar by Mr. Rhodes was very effective at demonstrating effective presentation techniques for engineers. 

Team scores for the final written proposal (excluding the team required to repeat EE415) were 96, 93, 89, 85, 69, and 52 %. The scores 69 and 52 % are quite low and require additional comments. 
The team receiving 69 % on the final written proposal lost 13 points on writing techniques yielding an effective team writing skills score of 87% (the other 18 points were lost on technical content, on the design algorithm, and on failure to follow guidelines.) Each student on this team wrote a personal appendix and grades for those were 91, 88, 87, 81, and 77 %. These observations show that these five students possessed acceptable writing skills. 
The team receiving 52 % on the final written proposal lost 18 points on writing techniques yielding an effective team writing skills score of 82 % (the other 30 points were lost on technical content, on the design algorithm, and on failure to follow guidelines.) Each student on this team wrote a personal appendix and grades for those were 97, 91, 82, and 77 %. These observations show that these four students possessed acceptable writing skills.

 Team scores on the final written proposal do not address individual student writing abilities. To consider individual student writing abilities, grades on personal student appendixes (excluding students that must repeat EE415) were considered. These were in the range 77-100%. All of these scores are considered “C or better” thus each student not required to repeat EE415 demonstrated acceptable writing skills. 
Student scores on the technical writing exam are shown in Figure G.1. All but one score was greater than 80 %. The low score was 65 % and was obtained by a student who received a 97 % on the “individual student score” in the written final proposal. The technical writing exam was very early in the semester and it appears that this student reinforced his technical writing skills before the semester ended.

Evidence that these EE415 students possessed adequate ability to communicate effectively in oral format is provided by seminar scores. Team scores (ignoring the team required to repeat EE415) were in the range 90-100% with quality very uniform from team to team. This highly uniform quality is partially due to the professional atmosphere surrounding the system that records these student seminars: Academic Media Services. Students are required by the instructor and by Academic Media Services to conduct a rehearsal in the same room and with the same technology that will be used when the seminar is taped while being presented to a live audience. During the rehearsals the entire team proofs and edits each other’s Power Point slides and proofs and edits each other’s oral statements. This contributes to a set of seminars possessing uniform quality. The WSU Center for Teaching, Learning and Technology (CTLT) is working with EECS to encourage the senior design students to include these recorded seminars in their online ePortfolio. Individual student performance was within this same range 90-100%. 

The instructor contends that evidence presented in this section demonstrates that this group of EE415 students demonstrated acceptable ability to communicate effectively in written and oral formats. 
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Figure G.1. Distribution of scores on the technical writing exam. 

(H) A broad education necessary to understand the impact of engineering solutions in global, economic, and societal context.


Each of the EE415 design projects contained global, economic, and societal issues; however, EE415 students were not explicitly evaluated on their ability to utilize their broad education to understand the impact of their engineering solution in these three arenas (global, economic, and societal.) EECS students are equipped with a broad education, partially due to the WSU general education requirements (GERs). The fact that EECS students must pass their GER classes gives evidence of a broad education but that alone does not document that each EE415 student understands the impact of their EE415 engineering design in global, economic, and societal context. This semester, a “trial section” was inserted into the final proposal writing guidelines. The section was entitled Ethical, Societal, and Environmental Issues and the prompt was, 

“In this subsection, use at least 50 words to describe ethical, societal, or environmental issues that the team considered while working on this design proposal. You need not cover all of these issues but merely those that relate closely to your project. Prospective issues to comment on include life span of your product, public safety, landfill impact at the end of your product’s lifecycle, esthetics, device failure, public health, etc. These need not be issues that shaped your design but merely topics that the team recognized might be impacted by your design.”

The prompt included a broad set of issues where Outcome H concepts are included as a subset. Table H.1 shows how the teams responded to this prompt. Some responses in this table appear superficial. Dr. Ashley Ater-Kranov, Assistant Director of CTLT is working with EECS to improve the prompt for this section of the EE415 design proposal. She is also considering if there is an effective way to make these “professional skills” issues an integral part of the entire EE415 design proposal, rather than just relegated to one section of the proposal. EECS should also consider if such professional skills should be introduced earlier and more often into the EECS curriculum.  
Table H.1. Team responses to the ethical, societal, and environmental issues prompt. 

	Team Name
	Response to the Ethical, Societal, and Environmental Issues Prompt

	Corsica
	“Due to the nature of the electric power industry, the financial costs associated with improvements and upgrades like those associated with this project trickle down to the consumer. An addition of hardware to control the voltage at the Wanapum substation may create considerable costs to the utility and thus to the consumer. Adding physical components to the system will obviously impact the local environment. Depending on the physical size of the implementation, the impacts may be minimal.”

	Elba
	“Team Elba is designing a DLR system for Tacoma Power, but must be cautious to identify the design’s effects on those other than the customer. For instance, there could be ethical, societal or environmental issues with the design. The team has thought about issues which could arise. One issue is product installation. Any product which requires the transmission line to be out of service in order to be installed could cause a power outage to customers, or at the very least cause unnecessary strain on the grid. Another issue, looking forward, is that of transmission grid congestion. DLR could be a solution which prevents new lines from being built, since the existing lines could support more load than before. As load increases further, transmission bottlenecks could occur due to lack of construction of new or updated lines. Also, DLR is a technology which pushes the power grid to higher limits than normal, cutting in to the normally conservative safety factor. The electric power grid is important; utilities must consider how their actions affect society now, and also plan for the future. In the same sense, Team Elba must be aware of the ramifications of the EE 416 senior design project.”

	Java
	“The biggest issue Java is faced with is the environmental issues. The gantry cranes are directly above the spill and flood gates and if a fuel leak occurs not only will the water supply be contaminated but the other motors inside the crane will also be affected. Should a spill occur, the cost of cleaning up the spill, or determining if the spill caused any damage to the motors, the crane itself, or the water would be costly.”

	Kodiak
	“Since this wireless lighting system uses RF signals to deliver power, it is almost impossible to avoid using energy storage devices such as capacitors and rechargeable batteries. These energy storage devices contain toxic chemicals such as lead, nickel and zinc, and it is an environmental issue because these substances leak into soil groundwater from landfills. This issue can affect our design because without using energy storage devices, there might not be enough power to power up LED lights. In term of health issue some people might think that the RF signal is going to affect human body. The reason is that RF waves carry energy, and according to Powercast health document [7], X-Rays carry about a billion times more energy than RF waves. Moreover, X-rays can be destructive to living tissues because it can cause ionization whereas the RF is not capable to cause ionization. Moreover, the operating frequency of Powercaster is similar to devices such as cell phones and walkie-talkie. Thus, the team concludes that it is safe to use Powercaster.”

	Mindanao
	“Team Mindanao has spent time considering the possible negative ramifications of the TCDCXO design project could have. The Intellectual Property of Cypress will be protected by Team Mindanao. during the course of the project, team Mindanao will attempt to minimize negative societal and environmental effects. Harmful chemicals dispensed due to the PCB manufacturing are one of the environmental concerns. The valuable resources which are mined from the earth in order to produce the PCB is another concern. EPA guidelines will be met by the team to ensure good environmental practices. The overall integrated product will be designed to benefit society and not be a burden or concern of any sort. Team Mindanao will consciously consider the ethical, societal and environmental concerns while designing the TCDCXO.”

	Sumatra
	“The software simulates a fuel cell system, which brings up a couple of environmental issues. This product will make fuel cell use more practical and efficient due to the control system integration. However, the fuel cell system being modeled is being provided its hydrogen via a fuel reformer, which provides the hydrogen fuel via a process which will output carbon monoxide, which might have an adverse impact on the environment. The lifespan of the project is indeterminate, as the model serves as a basis for future simulation models.”

	Timor
	“The societal issue the team has considered is reliability of the product. Since the power industry already has a set of standards, it will be important for the team’s product to be reliable in order for it gain acceptance in the power industry as a feasible solution to power monitoring. The team has also considered the life span of the product. Since the power industry is fairly stable, if the majority of industries accept the use of the protocol they may not change for many more years. Thus, this gives the product a long life span if accepted. The product will also prevent possible technician injuries because digital signals are much less dangerous than analog signals. Thus, the product has an added safety benefit. Lastly, the product will greatly reduce resources. As the product will be using Ethernet cable or fiber optic, as implemented in the real world, it greatly reduces the amount of copper that is used to monitor the power lines.”


(I) Recognize the need for, and have the ability to engage in life long learning.

EE415 students are required to read and utilize at least four refereed journal articles in their final proposal. The journal articles demonstrate to the students that the expectations are high for practicing engineers and that learning new topics is essential for their professional growth. The EE415 final report guidelines read in part, “Teams must list at least 15 references. At least four of these must be refereed journal articles.” Table I.1 lists the refereed journal articles cited by the teams in their written final proposals. The team required to repeat EE415 (Java) is excluded from Table I.1. Only one of these teams met the 4 refereed papers requirement; however progress has been made in the sense that last year there were two teams with no refereed journal articles in their design proposal reference list. Table I.1 provides clear evidence that these students have the ability to engage in life long learning.
Table I.1. Refereed journal articles cited by the EE415 design teams in their written final proposals.  The team required to repeat EE415 is excluded.
	Team
	Refereed Journal Article

	Corsica
	[1] C. Chompoo-inwai, W. Lee, P. Fuangfoo, M. Williams, J. R. Liao, “System Impact Study for the Interconnection of Wind Generation and Utility System”, IEEE Transactions on Industry Applications, Vol. 41, No. 1, Jan/Feb, 2005, pg 163.

[2] E. Denny, M. O’Malley, “Quantifying the Total Net Benefits of Grid Integrated Wind”, IEEE Transactions on Power Systems, Vol. 22, No. 2, May 2007, p 605.

[3] C. Abbey, G. Joos, “Supercapacitor Energy Storage for Wind Energy Applications” IEEE Transactions on Industry Applications, Vol. 43, No.3, May/June 2007.

[4] L. Gyugyi "Power Electronics in Electric Utilities: Static Var Compensators", Proceedings of the IEEE, Vol. 76, No. 4, April 1988.

[5] M.P. Selvan, K.S.Swarup, “Development of Power Flow Software Using Design Patterns”, Power Systems, IEEE Transactions, Vol. 21, No. 2, May 2006, pp 611-618.

	Elba
	[1] Stephen D. Foss, Robert A. Maraio, “Evaluation of an Overhead Line Forecast Rating Algorithm,” IEEE Transactions on Power Delivery, Volume 7, July. 1992 Page(s): 1618-1627.

	Kodiak
	[1] Chen, K. "Lighting Aesthetics with Energy Saving Ideas," IEEE Transactions on Industry Applications USA," Vol. IA12, no. 1, Jan.-Feb. 1976, pp. 35-38.

	Mindanao
	[1] R. Achenbach, “A digitally temperature-compensated crystal oscillator,” IEEE Journal of Solid-State Circuits, vol. 35, no. 10, p. 1, 2000.

[2] J. S. Kathe, “Single line inter ic data transfer - an idea,” IETE Technical Review (Institution of Electronics and Telecommunication Engineers, India), vol. 15, no. 6, pp. 491 – 496, 1998.

	Sumatra
	[1] Buller, S., Karden E., Kok, D., De Doncker, R.W. IEEE Transactions on Industry Applications. Volume 38. Issue 6. “Modeling the Dynamic Behavior of Supercapacitors Using Impedance Spectroscopy.” November 2002. 

[2] Gao, Lijun, Liu, Shengyi, and Dougal, Roger. IEEE Transaction Components and Packaging Technologies. Volume 25. Issue 3. “Dynamic Lithium-Ion Battery Model for System Simulation.” September 2002.

	Timor
	[1] Cagil R. Ozansoy, Aladin Zayegh, Akhtar Kalam, “The Real-Time Publisher/Subscriber Communication Model for Distributed Substation Systems,” IEEE Transactions on Power Delivery, vol. 22, no. 3, July 2007, pp. 1411-1423.

[2] Cagil R. Ozansoy, Aladin Zayegh, and Akhtar Kalam, “The Real-Time Publisher/Subscriber Communication Model for Distributed Substation Systems” in IEEE Transactions on Power Delivery, Vol. 22, No. 3, July 2007.


(J) Have a broad education and knowledge of contemporary issues.

Similar to Item H above, EECS relies upon the student’s GERs to provide breadth in the student’s education. In addition, design projects are solicited from companies and institutions that provide contemporary “real world” design challenges for these EE415 teams. Examples of these contemporary issues and emerging technologies are shown in Table J.1. There are no graded activities or writing guidelines that can be cited to evaluate our student’s mastery of Item J. The prompt question shown in Outcome H could be expanded to include students writing on the topic of “contemporary issues” related to their design project. This “contemporary issues” component will be introduced into EE415 in collaboration with Dr. Ashley Ater-Kranov, Assistant Director of CTLT. 

Table J.1. Contemporary issues and emerging technologies affiliated with the Fall 2007 EE415 design projects. The team required to repeat EE415 (Java) is omitted from this table.  
	Team
	Project Title
	Contemporary Issues and Emerging Technologies

	Corsica
	"Voltage Support Procedure"
	Wind Generation in Electric Power Systems

	Elba
	"Dynamic Line Ratings"
	Limited Right of Way for Electric Power Systems

	Kodiak
	"Wireless Radio Frequency Powered Lighting System for Furniture"
	Wireless Technology

	Mindanao
	"Temperature Compensated Digitally Controlled Crystal Oscillator"
	Modern Electronic Devices

	Sumatra
	"Development of a Compact Chip-based Controller for a Fuel Cell System Using Matlab/Simulink"
	Fuel Cells

	Timor
	"Ethernet-based Communications Network for Protective Relaying "
	Digital Communications Networks


 (K) Ability to use techniques, skills and modern engineering tools necessary for engineering practices.

Guidelines for the EE415 proposals read in part, 
"Many of your undergraduate classes teach you how to conduct engineering analysis, modeling and simulations. Recall that these steps are an essential part of the design algorithm. You will participate in lots of these activities in EE416. With at least 100 words describe how the team plans to apply these activities (engineering analysis, modeling and simulation) in EE416 to obtain a more detailed description of your final design. Examples are SPICE simulations, MATLAB tool boxes, digital signal processing, electromagnetic simulation software, VHDL digital design software, ADS RF design software, ASPEN electric power system analysis software, Eagle software for PCB layouts, plant simulators, etc. Ask your mentor and your faculty resource person to recommend other engineering tools you should consider using for this aspect of your project.”
Engineering analysis, modeling and simulation tools listed by the Fall 2007 EE415 teams are shown in Table K.1. These students will work in-depth with these tools in Spring 2007 EE416; however, in EE415 students are introduced by mentors and other professionals to these tools. The proposal writing activity plus prelminary design work in EE415 begins the student’s work on these techniques, skills and modern engineering tools necessary for engineering practices. 
Table K.1. Engineering Analysis, modeling and simulation tools identified in EE415 for use by these students as they finish their design Spring 2007 in EE416. The team required to repeat EE415 (Java) is excluded from this table.
	Team
	Engineering Analysis, Modeling and Simulation Tools Listed by the Team

	Corsica
	Power flow analysis performed in GE PSLF software

	Elba
	LineAmps software package

	Kodiak
	SPICE software package

	Mindanao
	MatLab software and the PSoC Express simulator software

	Sumatra
	Matlab and Simulink

	Timor
	Software packages: Xsniff, G++ Compiler, Linux C Compiler, MatLab, Flash


V. Qualitative Assessment of Student Performance: using the arguments above and other data support the claim that students who completed this course with a grade of C or better have achieved each of the intended outcomes of this course.


Seven teams were formed for Fall 2007 EE415. Each team was matched with a project, a sponsoring company or institution, and a mentor. All students on one of these teams received course grades below C and are required to repeat EE415. For the six successful teams, the evidence cited in this report show clear evidence that each student:  

(A) Possesses an acceptable ability to apply knowledge of mathematics, science and engineering.

(B) Possesses an acceptable ability to design and conduct experiments as well as analyze and interpret data.

(C) Possesses an acceptable ability to design a system, component, or process to meet desired needs.

(D) Possesses an acceptable ability to function on multidisciplinary teams.

(E) Possesses an acceptable ability to identify, formulate, and solve engineering problems.

(F) Possesses an acceptable understanding of professional and ethical responsibility.

(G) Possesses an acceptable ability to communicate effectively in written and oral formats.

(H) Possesses an acceptable broad education necessary to understand the impact of engineering solutions in global, economic, and societal context.

(I) Recognizes the need for, and has the ability to engage in life long learning.

(J) Possesses a broad education and knowledge of contemporary issues.

(K) Possesses an acceptable ability to use techniques, skills and modern engineering tools necessary for engineering practices.

VI. Concerns: state any concerns you may hold about this class – were the students adequately prepared coming into it? Are there topics or outcomes where (some) students were weak after completing the course? Other concerns? Were there any comments on students’ course evaluations that should be addressed in future instances of the course? This section is very important for improving our program: it provides critical input to the curriculum committee for identifying areas requiring attention.

Development of teaming skills should remain a priority for EE415 but also for the entire EECS schedule of studies. It continues to be important to allow enrollment into EE415 by only qualified students. Immature students weaken teams, degrade project quality. The EE415/416 sequence should be a “just in time for graduation” experience so that the skill set of teams is as strong as possible. Similar to fall 2006, in fall 2007 there was an entire team that received course grades less than C and that team must repeat EE415. Such events leave a poor impression with sponsoring companies and mentors. EECS staff that helps advise students should study students in these two groups (the Vesuvius team in fall 2006 and the Java team in fall 2007) to see if there are common deficiencies for the students on these teams. Clearly these students are not as mature as those on teams requiring only one exposure to EE415. Introducing design concepts earlier in the EECS schedule of studies might minimize the risk of teams needing to repeat EE415. Thanks in part to Casey Hanson’s efforts; one design team sponsor (Ergami, LLC) funded the team (Kodiak) with $5,000 to facilitate their EE416 design work. Casey Hanson continues to solicit funding from sponsoring companies for the design teams.   
Academic Media Services (AMS) should record seminars onto DVD media rather than video tape. This will improve the quality of the recorded seminars and make them readily available for inclusion in the student’s ePortfolio.

It is essential that EECS continue to interact with Dr. Ashley Ater-Kranov, Assistant Director of CTLT, in an effort to develop and evaluate our students’ professional skills. EECS should introduce professional skills earlier in the schedule of studies.

(Student evaluations are not available at the time of writing this report.)

Signature _____P. D. Pedrow___________________ Date: __January 4, 2008
Please email a copy of the completed form to Patricia Arnold, patricia@eecs.wsu.edu and deliver a signed hardcopy to her mailbox.
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