Criterion 3: Program Outcomes and Assessment

After review of the ABET Criteria, and the 1999 Outcomes and Objectives, the faculty have decided that the ABET Criteria (3a-3k) encompass the spirit of our educational vision, and therefore, have chosen these in additional to three more outcomes recommended by ABET for computer engineering programs, as the outcomes of the computer engineering program.
Program Outcomes

The Compute Engineering program must demonstrate that graduates have:

(a) an ability to apply knowledge of mathematics, science, and engineering

(b) an ability to design and conduct experiments, as well as to analyze and interpret data

(c) an ability to design a system, component, or process to meet desired needs

(d) an ability to function as an effective team member

(e) an ability to identify, formulate, and solve engineering problems

(f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) the broad education necessary to understand the impact of engineering solutions in a global and societal context

(i) a recognition of the need for, and an ability to engage in life-long learning

(j) knowledge of contemporary issues

(k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.

(l) Knowledge of Probability and Statistics and their applications in Computer Engineering

(m) Knowledge of Discrete Mathematics
(n) The ability to design a system that involves the  integration of hardware and software components
Program Outcomes Related to ABET outcomes
The COE Program Outcomes have a one to one correspondence with ABET’s mandated a – k outcomes. The outcomes are distributed in an overlapping manner over the program’s curriculum core courses as illustrated in Table I. Detailed course outcomes and their mapping to program outcomes are shown in Appendix I.
Table I.  Coverage of Program Outcomes by Core COE Courses.
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Each outcome is given a rank as Low, High, Medium that correlates with the weight used for assessing the outcome in each course as follows: 
· When the course outcome weight is < 10%, it will be given a Low rank (L).

· When the course outcome weight is between 10% and 20% it will be given a Medium rank (M).

· When the course outcome weight is ( 20% it will be given a High rank (H).
For each outcome, a cumulative score will be computed for each outcome based on the course outcomes assessment that map to program outcomes. Each course outcome will be assessed by a score out of a 100 based on student’s average performance as will be explained later. We assign a weight of 3 for a High mapping, a weight of 2 for a Medium mapping and a weight of 1 for a Low mapping.  Then, the overall program outcome can be computed on the average of the weighted scores of the course outcomes that map to this outcome. This is illustrated by the following example for assessing outcome A assuming the given scores based on course outcomes assessment that map to this program outcome.
	
	A
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The program outcome score is then computed as = (3*0.75 + 2*0.65 + 3*0.70 + 2*0.8 + 2*0.68 + 1*0.75+2*0.60 + 1*0.72)/16







      = 0.71

It is required that the overall score of each program outcome should be > 0.70. Corrective measure should be made addressing outcomes not satisfying this criterion.

Mapping Between Program Educational Objectives and Program Outcomes:
The COE Program Education Objectives are brought to fruition through the COE Program Outcomes. This relationship is mapped in Table II.

Table II.  Program Outcomes Related to Program Educational Objectives
	Program Educational Objectives

	Program Outcomes



	practice profession with confidence and global competitiveness and make intellectual contributions to it
	a, b, c, d, e, g, h, j, k, l, m , n


	pursue a life-long career of personal and professional growth with superior work ethics and character
	f,  i



	pursue advanced study and research at the graduate level
	a, b, c, e, g, i, k, l, m , n
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Course Outcome Assessment:

Courses are assessed by asking faculty to fill a Course Learning Outcomes Evaluation Table that includes the following for each outcome:
· Outcome minimum weight: this indicates the importance of the outcome in the course. It is the minimum weight from the total course score (out of 100) that must be used for assessing the outcome. This weight is agreed upon by all faculty and is set and fixed for each course.
· Outcome weight: this is to be filled by the instructor indicating how much weight was used by the instructor for assessing the outcome. This weight must be ( the outcome minimum weight.
· Assessment Method: this describes what methods are used to asses the outcome, the weight of each method, and the evidence of assessment.

· Class Average: indicates the student’s average performance in the outcome.

It should be noted that the evaluation criteria for each outcome is flexible and can vary from an instructor to an instructor. However, it should be constrained with the minimum weight specified.
If the student’s average performance in any of the course outcomes is < 70%, the faculty needs to comment on this and suggest possible actions for improvement.
An example of the Course Learning Outcomes Evaluation Table is shown below.
Course Learning Outcomes Evaluation Table

	Outcome


	Outcome Min. Weight
	Assessment Method

	
	
	Assignments
	Quizzes
	Exam I
	Exam II
	Exam III
	Final Exam
	Lab Work
	Project
	Total

	O1


	55%
	15%
	8%
	15%
	20%
	
	
	5%
	8%
	71%
60%

	
	Average
	12.1%
	5.3%
	9.5%
	12.1%
	
	
	4.1%
	7%
	50.1%(70.6%)



	
	Evidence
	#1-4
	#1-4, 6
	Q1-5
	Q1-5
	
	
	#1-13
	Report
	

	O2


	4%
	
	
	
	
	
	
	5%
	
	5%
80%

	
	Average
	
	
	
	
	
	
	4.1%
	
	4.1% (82%)

	
	Evidence
	
	
	
	
	
	
	#1-13
	
	

	O3


	15%
	
	
	
	
	
	20%
	
	
	20%

75%

	
	Average
	
	
	
	
	
	11.8%
	
	
	11.8% (59%)

	
	Evidence
	
	
	
	
	
	Q1-5
	
	
	

	O4


	2%
	
	2%
	
	
	
	
	
	
	2%

60%

	
	Average
	
	1.3%
	
	
	
	
	
	
	1.3% (65%)

	
	Evidence
	
	#5
	
	
	
	
	
	
	

	O5


	2%
	
	
	
	
	
	
	
	2%
	2%

55%

	
	Average
	
	
	
	
	
	
	
	1%
	1% (50%)

	
	Evidence
	
	
	
	
	
	
	
	 Report
	

	Weight
	15%
	10%
	15%
	20%
	
	20%
	10%
	10%
	100%

	Average
	12.1%
	6.6%
	9.5%
	12.1%
	
	11.8%
	8.2%
	8%
	68.3%


Outcome Evaluation Example:

Class average for an outcome is computed by adding the average weights obtained from each assessment method used for the outcome divided by the total outcome weight. An example is shown below:

Class Average of Outcome 1 = [Assignments (12.1) + Quizzes (5.3) + Exam I (9.5) + Exam II (12.1) + Lab Work (4.1) + Project (7)] / 71 * 100 = 50.1/71*100 = 70.6.

Instructor Comments and Feedback:
Instructors need to comment here about outcomes that they think were not achieved or there is a need for improvement. The instructor needs to suggest ways for improving outcome achievement in next course offerings. 
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________

In addition to the course learning outcomes evaluation table filled by the instructor for assessing the course outcome, students are asked to fill a course outcomes assessment form. An example of this form is shown below:

	COE 205 - Computer Organization & Assembly Language

	Course Outcomes  Assessment

	Instructor:  
	Term:  

	
	

	Criteria
	Student Evaluation

	
	E (4)
	G (3)
	A (2)
	P (1)
	NA (0)
	Composite

	1. As a result of this course, my ability to analyze, design, implement, and test assembly language programs can be described as,
	10 
	5 
	3 
	2 
	 
	3.15

	2. As a result of this course, my ability to use tools and skills in analyzing and debugging assembly language programs can be described as,
	 
	 
	 
	 
	 
	0

	3. As a result of this course, my ability to design the datapath and control unit of a simple CPU can be described as,
	 
	 
	 
	 
	 
	0

	4. As a result of this course, my ability to demonstrate self-learning capability can be described as,
	 
	 
	 
	 
	 
	0

	5. As a result of this course, my ability to work in a team can be described as,
	 
	 
	 
	 
	 
	0

	
	Number of Responses:   20


If the composite value is < 2.5, the instructor needs to comment on this and suggest corrective actions for improvement.

APPENDIX I
COE 202 Digital Logic Design
Course Learning Outcomes Table

	Course Learning Outcomes
	Outcome Indicators & Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000 

	1. Ability to use math and Boolean algebra in performing computations in various number systems and simplification of Boolean algebraic  expressions.
	· Represent integer and fractional values in various number systems

· Convert number representation from one system to another

· Perform arithmetic operations in various number systems

· Represent data in different binary codes including error detecting codes

· Simplify Boolean expressions using Boolean algebra & identities
	· Assignments

· Quizzes

· Exams
	20%
	A(H)

	2. Ability to design efficient combinational and sequential logic circuit implementations from functional description of digital systems.
	· Derive gate-level implementation of a given Boolean expression and vice versa

· Ability to build larger combinational functions using predefined modules (e.g., decoders, multiplexers, adders, Magnitude comparators.)
· Ability to build a state diagram / table for both Moore & Mealy models from functional description

· Ability to design & implement Moore & Mealy model synchronous sequential circuits using different Flip-Flop types.

· Ability to draw timing diagrams for major signals of both sequential and combination circuits
	· Assignments

· Quizzes

· Exams
	50%
	C(H)

	3. Ability to use CAD tools to simulate and verify logic circuits.

	· Ability to simulate and verify the operation of combinational circuits

· Ability to simulate and verify the operation of sequential circuits
	· Assignments


	5%
	K(L)


COE 203 Digital Logic Laboratory
Course Learning Outcomes Table
	Course Learning Outcomes
	Outcome Indicators & Details
	Assessment Methods & Metrics
	Min. Weight
	ABET 2000 Criteria

	1. The ability to design combinational and sequential circuits to meet certain specifications.
	· Designing circuits from English language specs.
	· Prelabs

· Experiments

· Quizzes

· Project

· Exams
	30%
	C(H)  

	2. The ability to use tools and discrete components, EEPROMs, FPGAs,  to model, simulate and implement digital circuits.
	· Implementing circuits from design specification.

· Modeling circuits in verilog or VHDL

· Verifying correct behavior by simulation
	· Experiments
	30%
	K(H)  

	3. The ability to design and conduct experiments related to digital systems and to analyze their outcomes.
	· Designing experiments to measure and analyze certain circuit parameters.
	· Prelabs

· Experiments

· Exams
	10%
	B(M) 

	4. The ability to work in teams.
	· Working with groups.
	· Project
	5%
	D(L)  

	5. The ability to communicate effectively.
	· Submitting prelabs and lab reports.
	· Experiments

· Projects
	5%
	G(L)  


COE 205 Computer Organization & Assembly Language

Course Learning Outcomes Table

	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	1. Ability to analyze, design, implement, and test assembly language programs.


	· Instruction Set Architecture

· Number (unsigned and signed) and character representation

· Addressing modes
· Syntax, semantics, and effect on flags of Pentium instructions.

· Input/output.

· Arithmetic and logic operations.

· Flow-control structures.

· Procedures.

· Macros.

· String manipulation.

· Interrupt mechanism.

· Implementation of Pseudo code algorithms in assembly language.

instructions.
	· Assignments

· Quizzes

· Exams
· Project

	55%
	C(H)

	2. Ability to use tools and skills in analyzing and debugging assembly language programs.


	· Assembly language vs. machine language.

· Assembling and linking assembly programs (including use of multiple files).

· Use of debugger to analyze and debug programs.

· Use of libraries.
	· Lab work


	4%
	K(L)

	3. Ability to design the datapath and control unit of a simple CPU.


	· Fetch-execute cycle

· Data, address and control busses

· Register transfer

· Data path design: 1-bus, 2-bus and 3-bus CPU.

· Derivation of control steps for assembly instructions.

· Hardwired Control unit design

· Microprogrammed control unit design.

· Fixed vs. variable instruction format.
	· Assignments

· Quizzes

· Exams


	15%
	C(M)

	4.  Ability to demonstrate self-learning capability.
	· Ability to learn a course topic alone (e.g. Macros) 

· Course Project may involve topics not studied in the course


	· Assignments

· Quizzes


	2%
	I(L)

	5. Ability to work in a team.


	· Project is divided into separate parts that will be integrated for project completion.
	· Project
	2%
	D(L)


COE 305  Microcomputer  System  Design
Course Learning Outcomes Table

	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	O1. Ability to apply knowledge of mathematics, probability and engineering in microprocessor based system design

	· Analysis of bus Fan-in and Fan-out requirements,
· analysis of bus and processor timing, performance evaluation, 
· CPU execution time
·  memory access time and bandwidth
· wait state computation
· computation of timing delays
· I/O performance such as interrupt latency and DMA speed
	· Quizzes 
· Assignments

· Exams


	10%
	A(M)

	O2. Ability to design, debug and test  a small scale microprocessor system


	· Design of  Clock generation, Reset generation & synchronization, Wait state computation & generation, Ready synchronization,

· Address bus latching, data  bus buffering, 
· Design of Memory Map, Memory Address decoder, Memory Read and write logic

· Interfacing of RAM and EPROM memories. to processor(appropriate selection and connection of address bus, data bus,  read/write control and chip select)

· Modes of I/O data transfer – Programmed or Polled I/O, Interrupt driven  I/O, DMA

· Design of I/O Map, I/O address decoder and I/O Read and Write logic

· Interfacing of Parallel & Serial I/O devices to processor using peripheral chips 8255 PPI, 8254 PIT, 8259PIC, 8237DMAC, 16650UART

       - appropriate selection and   connection of address bus, data bus,  read/write control, chip select between processor and peripheral chips

-  data, control and status signal interconnections between peripheral chips and I/O devices

- Programming of Peripheral interfacing chips 

· debug and test the design as well as to develop small test program to test the design correctness and timing versus some requirements. 

· Revise the design appropriately 
·  Report and document  the design.
instructions.
	· Quizzes 
· Assignments

· Exams
· Lab work


	35%
	C(H)

	3. Ability to identify, formulate, and solve engineering problems in microprocessor based system design  

	· Identify, formulate and solve engineering problems in the microprocessor based system design considering the following :
· Enhancements in the processor internal architecture, processor address &  data bus width 

· Latest trends and developments  in Memory Technology (SRAM, DRAM, SDRAM, RDRAM, DDR/DDR2) 

· Recent developments in I/O interfacing  standards and I/O devices  

	· Quizzes
· Assignments

· Exams
· Lab work

	25%
	E(H)

	4. Ability to use design tools for microprocessor system design, test  and evaluation. 

	· Use of tools for debugging, develop techniques for testing, and use of trace analysis and timing for evaluation

· Use of Logic analyzers, oscilloscopes, logic probes, multimeters 

· Use of  8086 Flight Electronics kits to conduct  I/O interfacing experiments.

	· Lab work

	8%
	K(L)

	5. Ability to engage in self-learning 
	· Demonstrates reading and writing skills
· Identifying, retrieving, and organizing information
· Following a learning plan
· Demonstrate critical thinking skills such as applying the facts, formulae, theories, etc. to everyday situations.
	· Assignments

· Quizzes
· Exams

	2%
	I(L)

	6. Ability to function as an effective team member.
	
	· Lab work
	5%
	D(L)

	7. Ability to design and conduct experiments as well as to analyze and interpret data.
	
	· Lab work
	5%
	B(L)


COE 308 Computer Architecture

Course Learning Outcomes Table

	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	O1. Ability to apply knowledge of mathematics, probability, and statistics in computer analysis and design.
	· Integer representation, addition, and multiplication

· Floating-point representation, rounding, normalization, addition, and multiplication.

· Program and instruction execution times and stall cycles. 

· Speedup computation

· Evaluation of the average performance of I-pipelining and memory system 
	· Assignments

· Quizzes

· Exams


	40%
	 A(H)  


	O2. Ability to design the datapath and control of a processor.
	· Design generic datapath based on Instruction Set requirements.

· Identify datapath components and clocking methodology.
· Design a detailed single-cycle integer  datapath, Muxes, and PC updating. 

· Identify control signals and design control logic
· Design inter-stage buffers and clocking for multicycle datapath.

· Design multi-cycle control states and logic.
· Design pipelined datapath and control

· Detect and eliminate structural hazards

· Detect data hazards and implement forwarding

· Handle control hazards and predict branches


	· Assignments

· Quizzes

· Exams
· Project

	20%
	C (H)

	O3. Ability to identify, formulate, and solve computer architecture problems.
	· Assess design methodologies in single-cycle, multi-cycle, and multiple-issue datapaths. 

· Assess tradeoffs in cache design, page size, bus width, degree of associativity, cache capacity, and main memory access time.  
· Assess tradeoffs in address translation, virtual page size, TLB size, sequential versus concurrent TLB and cache access.
· Assess scalability issues in shared-memory and distributed-memory systems.
	· Assignments

· Quizzes

· Exams


	5%
	   E (L) 



	O4. Ability to use simulator tools.

	· Ability to set up a simulator.
· Set up simulation runs based on some design specifications. 

· Run simulations and collect results and statistics
· Ability to analyze simulation results and modify design specifications to improve performance.
	· Assignments

· Mini-group Projects

	2%
	K(L)

	O5. Ability to engage in self-learning. 
	· Demonstrates reading, writing, listening and speaking skills

· Identifying, retrieving, and organizing information

· Following a learning plan
· Demonstrate critical thinking skills such as applying the facts, formulas, theories, etc. to everyday situations.
	· Mini-group Projects
· Assignments

· Quizzes

· Exams
	2%
	I(L)


COE 341 Data and Computer Communications 

Course Learning Outcomes Table

	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	1. Ability to apply knowledge of mathematics to understand basic concepts in communication engineering

 
	Application of :

· Fourier series and transforms

· Spectral power density 

to understand the following concepts:

· Absolute and effective bandwidth of signals.
· Filtering and band limiting

· Modulation and bandwidth requirements
	· Assignments

· Quizzes

· Exams


	15%
	A(M)

	2. Ability to design basic communication systems, components, and algorithms


	The student shall be able to design:

· Simple communication links using various types of guided and unguided media.  

· Hardware for generating CRC error detection codes and performing error detection. 

· Bit stuffing/unstuffing algorithms for HDLC control.

· Basic PCM and Delta modulation systems.
	· Assignments

· Quizzes

· Exams


	22%
	C(H)

	3. Ability to identify, formulate, analyze, and solve basic communication engineering problems


	The student shall be able to identify merits and trade offs governing the choices of:
· Analog and digital transmission techniques.
· Various digital encoding schemes, including bandwidth requirements.
· Various error and flow control mechanisms in the data link layer.

· Various modulation techniques, including bandwidth requirements.

· Various guided and unguided transmission media. 
· Synchronous and asynchronous transmission.
· Data rate, signal power, noise level, bandwidth and error rate.

	· Assignments

· Quizzes

· Exams


	22%
	E(H)

	4. Ability to use programming tools and skills for the simulation, analysis, and design  of basic communication systems and components


	Matlab or LabVIEW-based programming assignments covering one of the following areas:
· FFT
· Filters
· CRC generation and error detection
· Generation of digital codes

· Modulation and shift keying

· PCM and Delta modulation systems

· Calculation of bit error rate vs signal to noise ratio curves


	· Programming Assignments
· Demos

	10%
	K(M)

	5. Ability to demonstrate self learning skills and aptitudes
	A term paper on a selected topic in communications that complements/serves the course. 
	· Term paper
· Presentation

	5%
	I(L)


COE 344 Computer Networks 

Course Learning Outcomes Table

	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria

	1. Ability to apply knowledge of mathematics, probability, and statistics to model and analyze some networking protocols.
	· Packet and circuit switching modeling, analysis, and comparison.

· Modeling of some MAC protocols.
	· Assignments

· Quizzes

· Exams
	15%
	A(M)

	2. Ability to design, implement, and analyze simple computer networks.

	· Experiments on LAN design and implementation.

· Protocol analysis.

· Use of networking tools.
	· Lab assignments

· Lab work
	6%
	B(L)

	3. Ability to identify, formulate, and solve network engineering problems.


	· Identify and solve reliable data transfer problems over IP Networks.

· Identify and solve network addressing problems.

· Identify, compare, and contrast different routing protocols.
	· Assignments

· Quizzes

· Exams
· Lab work
	35%
	E(H)

	4. Knowledge of contemporary issues in computer networks.
	· Contemporary networking technologies.
	· Assignments
	5%
	J(L)

	5. Ability to use techniques, skills, and modern networking tools necessary for engineering practice.


	· Setup networking services.
· Setup and basic configuration of networking devices.

· Networking tools.

· Traffic analyzers.

· Troubleshooting network problems.

· Different operating systems.
	· Lab work.
	10%
	K(M)

	6. Ability to function as an effective team member
	· 
	· Lab work.
	4%
	D(L)


COE 360 Principles of VLSI Design
Course Learning Outcomes Table

	Course Learning Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000 Criteria 

	1.  An ability to apply knowledge of mathematics, science, and engineering in the design, analysis and modeling of digital integrated circuits

	· energy bands formation
· MOS threshold voltage
· MOS current equations
· Delay of MOS circuits
· Noise margins
· Optimization of buffer chains and logic paths
	· Assignments

· Quizzes

· Exams
	5%
	A(L)

	2. An ability to design and conduct experiments using SPICE to characterize and optimize digital integrated circuits 

	· Noise Margins adjustments
· Rise and Fall times adjustments
· Delay adjustments
· Driving capabilities of I/O buffers
instructions.
	· Assignments

· Project


	5%
	B(L)

	3. Ability to Design, Verify, Analyze and Evaluate the performance (speed, Power, Area, Noise margins) of different MOS digital integrated circuits for different design specifications .
	· Design of MOS circuits

	· Assignments

· Quizzes

· Project

· Exams
	40%

	C(H)

	4. An ability to use various CAD tools in the design and verification of digital integrated circuits 

	· LogicWorks/ModelSim/Xilinx for logic design/verification

· SPICE for circuit design/analysis/verification

· Magic and IRSIM for mask design/verification
	· Assignments

· Project


	15%
	K(M)

	4. An ability to function as an effective team member.
	· Project task assignment and  integration.
	· Project


	2.5%
	D(L)

	5. An ability to communicate effectively.
	· Project report(s)
	· Project
	2.5%
	G(L)


COE 390 Seminar
Course Learning Outcomes Table
	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment Methods and Metrics
	Min. Weight
	ABET 2000 Criteria

	1. Knowledge of contemporary issues.
	Invited presentations on contemporary issues will be given.
	Presentation

Assignments
	10%
	J(M)

	2. Ability to make effective presentation.
	All students will be asked to prepare and deliver professional presentation 
Presentation organization

Ability to explain

Use of modern presentation tools and methods.
	Presentation

Seminar attendance
	30%
	G(H)

	3. Knowledge of professional and ethical responsibility
	A presentation will be about professional and ethical responsibility. 
	Punctuality 

On time submission 

Proper referencing 

Presentation.

	15%
	F(M)

	4. Understanding the impact of engineering solutions in a global and societal context.
	Invited presentations focusing on this issue will be given
	Assignments
	5%
	H(L)

	5. Ability to engage in life-long learning
	Paper presentations of recent technical topocs in the field.
	Presentations
	15%
	I(M)


COE 400 Digital System Design

Course Learning Outcomes Table
	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	1. Ability to apply knowledge of mathematics, science and Engineering in design and analysis of different alternative implementations of a system's specification. 

	· Ability to estimate the computational complexity of a particular algorithm for solving an engineering problem starting from a problem statement
· Ability to use knowledge of physics and math to perform power conversions
· Ability to use knowledge of physics and engineering to design the proper interface when applying embedded systems to solve practical problems like in motor control for example

· Ability to use knowledge of science and engineering to be able to read, understand and analyze data sheets of required products to solve engineering problems
	· Project

	10%
	 A(M) 


	2. Ability to design and implement an embedded system starting from given specifications.
	· Ability to understand Microcontroller architecture, interfacing principles
· Ability to understand and use Engineering Design trade-offs:

      - software/hardware trade-off
      - cost/performance trade-off
· Ability to interface sensors/actuators to a microcontroller
· Ability to perform low power design
· Ability to understand and utilize hard and soft real-time issues

· 
	· Assignments

· Quizzes

· Project

	25%
	N (H)

	3. Ability to debug and test an embedded system.
	· Ability to integrate software and hardware and validate their compliance with the original specification instructions.
· Ability to acquire software  development and debugging skills 
· Ability to understand and develop Software using available tools.

· Ability to understand Data Logging Concepts.


	· Project

	10%
	B(M)

	4. Ability to identify, formulate, and solve engineering problems such as the selection of most appropriate solutions for solution criteria.
	· Ability to assess various microcontrollers' specifications. 

· Assess tradeoffs between various communications standards used in microcontroller based systems.
· Assess tradeoffs between centralized and distributed microcontroller based designs.
	· Assignments

· Quizzes

· Exams


	5%
	E (L)



	5. Ability to use tools to achieve design objectives.


	· Ability to set up a simulator

· Ability to learn how to use a typical microcontroller development system. 

· Ability to set up simulation runs based on some design specifications 

· Ability to run simulations and collect results

· Ability to use CAD tools  professionally for designing the intended embedded system
	· Assignments

· Project

	5%
	K(L)

	6. Ability to function as an effective team member. 


	· Ability to establish task priorities and clearly state expectations 

· Ability to keep the team focused 

· Ability to be flexible and adapt to demands of situations and constraints

· Ability to maintain an appropriate balance between listening and speaking
	· Project

	15%
	D(M)



	7. Ability to engage in self-learning. 


	· Ability to demonstrate reading, writing,  and speaking skills

· Ability to Identify, retrieve, and organize information from the web 
· Ability to follow a learning plan
· Ability to demonstrate critical thinking skills.
	· Project
	5%
	I(L)



	8. Ability to communicate effectively. 


	· Ability to submit progress reports on milestones of the project

· Ability to deliver a number of presentations to the class
	· Project
	10%
	G(M)


COE 485 Senior Design Project
Course Learning Outcomes Table
	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment Methods and Metrics
	Min. Weight
	ABET 2000 Criteria

	1. Ability to apply knowledge of mathematics, science, and engineering


	· Developing solutions that utilize fundamental scientific and engineering concepts.
	· Final report
	5%
	A(L)

	2. Ability to design and conduct experiments, as well as to analyze and interpret data

.
	· Design and conduct experiments  (including simulation and/or emulation) to explore the design space

· Collect, analyze and interpret data
	· Demos

· Progress/Final reports
	10%
	B(M)

	3. Ability to design a system, component, or process to meet desired needs
	· System design from high level specifications

· Detailed design of the required components

· Implementation of a prototype
	· Demos

· Progress/final reports
	20%
	C(H)

	4. Ability to identify, formulate, and solve engineering problems
	· Defining formal specifications from the problem statement. 

· Examination of different approaches.
	· Progress/final reports
	10%
	E(M)

	5. Understanding of professional and ethical responsibility


	· Presentation of original work and proper referencing of existing art.

· Meeting deadlines and proper planning.
	· Progress report

· Action plan

· Final report
	5%
	F(L)

	6. Ability to communicate effectively


	· Ability to clearly document the work

· Effectively communicate the project details orally
	· Presentation

· Progress/final Reports
	15%
	G(M)

	7. The broad education necessary to understand the impact of engineering solutions in a global and societal context


	· Understanding the impact of his solution to the society such as: healthcare, e-commerce…etc.  
	· Oral presentation

· Final report
	2%
	H(L)

	8. A recognition of the need for, and an ability to engage in life-long learning
	· Providing solutions that were not taught in core courses 
	· Report

· Presentations

· Discussions
	5%
	I(L)

	9. knowledge of contemporary issues
	· Understating the impact of contemporary issues on his design
	· Oral presentation

· Final report
	2%
	J(L)

	10. Ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.
	· Demonstrate the use of engineering software/hardware tools 
	· Demos

· Progress/final reports
	10%
	K(M)

	11. Ability to function as an effective team member.
	· Demonstrate team work skills in project planning, division of work, team leadership, etc.
	· Presentation

· Progress/final Reports
	10%
	D(M)


COE 351 Cooperative Work

Course Learning Outcomes Table
	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	1. An ability to design a system, component, or process to meet desired needs 


	· Problem statement, clarity, logic, and relevance

· Analysis of  possible solutions, knowledge in the field, specification, engineering solution

· Tradeoffs and selection of solution, assessment, evaluation, and comparison

· Implementation, design, schematic, and diagrams

· Testing, test selection, evaluation, linking features, and conclusion.
	· Company Supervisor report 

· Employer Survey
· Progress and Final reports
· Presentation

	20%
	 C(H)  


	2. An ability to function as an effective team member 

  


	· Contribute in all tasks within the team, 
· Come on time and leave on time,  
· Shares accountability for team results, 
· Is comfortable dealing with open-ended problems, 
· Treats others with courtesy and respect, 
· Conveys openness to new ideas,
· Supports the ideas and viewpoints of others.
	· Company Supervisor report 

· Employer Survey
· Progress and Final reports
· Presentation

	10%
	D (M)

	3.   An ability to communicate effectively 

 


	Presentation:

· Style, voice, gesture, motion, and self-confidence, 

· Audio-visual quality, 

· Content: logical ideas, objective clarity, and effective timing

· Audience: appropriateness of content

· Technical: recommendation and discussion quality, originality, innovation

Report: 

· Understanding: grammar, spelling, and punctuation, structures, subject vocabulary, and structured

· Tools: diagrams, photos, and graphs, labels and references

· Logical ideas: logical manner, and referenced material

· Technical information: precision, and engineering principles 

· Outcomes: supports outcomes, recommendations and discussion

· Report quality: meeting objectives, comprehensive material, originality,  and innovation
	· Company Supervisor report 

· Employer Survey
· Progress and Final reports
· Presentation

	20%
	G (H)



	4. A recognition of the need for, and an ability to engage in life-long learning
	· Demonstrates reading, writing, listening and speaking skills, 
· Demonstrate an awareness of what they need to learn, 
· Following a learning plan, Identifying, retrieving, and organizing information, 
· Understand and remember new information, 
· Demonstrate critical thinking skills, 
· Demonstrate ability to reflect on own understanding
	· Company Supervisor report 

· Employer Survey
· Progress and Final reports
· Presentation

	10%
	I(M)

	5. An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice


	· Carry out mathematical analysis

· Write programs, 

· Use conventional bench testing equipment

· Working knowledge of a modern programming language

· Use various applications packages

· Understand the purposes and limitations of applications packages, and when it is appropriate to use them and when it is not.
	· Company Supervisor report 

· Employer Survey
· Progress and Final reports
· Presentation

	15%
	K(M)



	6. Understanding of professional and ethical responsibility


	· Presentation of original work and proper referencing of existing art.

· Meeting deadlines and proper planning.
	· Progress report

· Action plan

· Final report

· Company Report
	10%
	F(M)


COE 399 Summer Training
Course Learning Outcomes Table
	Course Learning

Outcomes
	Outcome Indicators and Details
	Assessment

Methods and

Metrics
	Min. Weight
	ABET 2000

Criteria 

	1. An ability to function as an effective team member 

  


	· Contribute in all tasks within the team, 
· Come on time and leave on time,  
· Shares accountability for team results, 
· Is comfortable dealing with open-ended problems, 
· Treats others with courtesy and respect, 
· Conveys openness to new ideas,
· Supports the ideas and viewpoints of others.
	· Company Evaluation 


	10%
	D (M)

	2.   An ability to communicate effectively 

 


	Presentation:

· Style, voice, gesture, motion, and self-confidence, 

· Audio-visual quality, 

· Content: logical ideas, objective clarity, and effective timing

· Audience: appropriateness of content

· Technical: recommendation and discussion quality, originality, innovation

Report: 

· Understanding: grammar, spelling, and punctuation, structures, subject vocabulary, and structured

· Tools: diagrams, photos, and graphs, labels and references

· Logical ideas: logical manner, and referenced material

· Technical information: precision, and engineering principles 

· Outcomes: supports outcomes, recommendations and discussion

· Report quality: meeting objectives, comprehensive material, originality,  and innovation
	· Company Evaluation
· Progress and Final reports
· Presentation

	25%
	G (H)



	3. A recognition of the need for, and an ability to engage in life-long learning
	· Demonstrates reading, writing, listening and speaking skills, 
· Demonstrate an awareness of what they need to learn, 
· Following a learning plan, Identifying, retrieving, and organizing information, 
· Understand and remember new information, 
· Demonstrate critical thinking skills, 
· Demonstrate ability to reflect on own understanding
	· Company Evaluation 

· Final report
· Presentation

	15%
	I(M)

	5. An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice


	· Carry out mathematical analysis

· Write programs, 

· Use conventional bench testing equipment

· Working knowledge of a modern programming language

· Use various applications packages

· Understand the purposes and limitations of applications packages, and when it is appropriate to use them and when it is not.
	· Company Evaluation 

· Progress and Final reports
· Presentation

	30%
	K(H)



	6. Understanding of professional and ethical responsibility


	· Presentation of original work and proper referencing of existing art.

· Meeting deadlines and proper planning.
	· Progress reports
· Company Evaluation
	10%
	F(M)
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