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Curriculum Corrective Actions (1999-2009)


Summary of Previous Program Assessment and Curriculum Corrective Actions 
Since the last ABET visit to the COE department, the COE program has undergone several cycles of assessment-improvement cycles. Indeed, the assessment methods and procedures themselves have gone through several evolutions including the alignment to ABET EC 2K. In this section a detailed summary of these changes are presented.
In 1999, the broad objectives of the undergraduate program in Computer Engineering were to instill in its graduates a solid foundation of mathematical, scientific, and engineering knowledge in addition to developing the intellectual skills essential for prosperity and success in their careers. 
· Objective #1 (Foundation): To provide students with a solid foundation in the Computer Engineering discipline and design methodologies through emphasis on the application of mathematical, scientific, and engineering principles.
· Objective #2 (Skills & Tools): To provide students with the skills needed to join the workforce well prepared in Computer Engineering core competencies. Graduates of the Computer Engineering Department should be able to: 
a. Utilize and develop skills pertinent to engineering design, including the identification, analysis, and solution of professional problems through the use of appropriate analytical, computational and experimental tools; 
b. Formulate engineering technological solutions to meet societal needs using computer engineering principles, tools, and practices. 
c. Design, operate, maintain, and upgrade computer systems or networks as well as understand their interaction and impact on the society. 
d. Link theory with practice and demonstrate analytical and proper decision making abilities while developing engineering systems or solutions. 
e. Demonstrate proven engineering ability in the discipline by showing his ability to synthesize hardware/software schema for well-defined computer engineering problems. 
f. Demonstrate recognizable quality in critical and independent thinking skills 
g. Engage in life-long learning and demonstrate leadership in their chosen fields of work. 
h. Demonstrate good communication skills both in report writing and in technical 

· Objective #3 (Professional Practice & Ethics): To provide students with the knowledge of proper ethical and professional practices relevant to Computer Engineering, as well as awareness of the societal impact of computer technologies. 
The first objective is very much aligned with the Department’s mission of providing the best quality education in Computer Engineering. The second objective focuses on the skills and opportunities provided to Computer Engineering graduates in terms of core competencies such as engineering design analytical skills, as well as critical & independent thinking skills. The third objective is aligned with the College and Department mission of addressing the needs of the local industry and the society, through graduating computer engineers who are not only technically competent but also ethically and professionally capable introducing new strategic computer industries and markets in the Kingdom of Saudi Arabia. 
The COE program outcomes should demonstrate that our graduates have ability to: 
1. Apply math, science and problem solving techniques to formulate adequate engineering solutions for: 
a. Design of new systems to meet certain specifications 
b. Formulate new hardware or software solutions to adapt technology to societal needs. 
2. Design and conduct experiments, as well as analyze and interpret data, 
3. Effectively utilize up-to-date tools for the design, modeling, analysis or verification of engineering systems. 
4. Work cooperatively in multidisciplinary teams to produce an integrated system. 
5. Communicate effectively with superiors or subordinates through report writing as well as technical presentations. 
6. Demonstrate active lifelong learning capabilities. 
7. Uphold and demonstrate best standard of professional and ethical practice and responsibility. 

[bookmark: _Toc163849139]First Cycle of Assessment-Correction (1999-2001)
This corrective cycle was in response to the comments/assessment of the ABET team who visited the department. Although, the program was fully accredited, some concerns were raised by the ABET team. Table ‎K‑1 summarizes the most serious of these concerns and the corrective actions that were taken by the department:
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	Concerns Raised by ABET
	Analysis and Corrective action taken by the COE department

	· There was not enough flexibility in the program. Students could not select general electives from arts or other disciplines (other than their major) 

	This problem was compounded by the fact that KFUPM is a technical institution; it had no arts college. The issue was taken with the university administration (since it was a common problem for all programs) and many electives were created under the ‘General Studies’ division. Students now have access to, a relatively, wide selection of general interest courses such as Psychology, Industrial Sociology and Production, International Relations, Man and Environment in addition to many courses in Arabic literature and Islamic theology. Students also have access to courses in Architecture, Marketing, Accounting, Finance, and Business Administration. The COE program was modified to allow students to take 3 general electives to take advantage of the presence of these courses. 

	· There was a need to create a process for validating and evaluating the attainment of the established program objectives and outcomes.
	The process has been created as explained in this report under criterion C2.

	· Projects taken by students in COE485 (Senior Design Project Course) and in the COOP course (COE351) were mainly limited to analysis and hence did not provide any design experience for the students. There was a need to strengthen the program’s design component through greater emphasis on economic factors, safety, reliability, aesthetic, ethics, and social impact
	A- The department had established two Ad-hoc committees (one for COE351 and another for COE485) to look into this issue. These courses were modified accordingly, 
B- Also, many new electives were created within the program to expose the students to emerging technologies and contemporary issues related to technology,
C- Also the university has created a course on Ethics (including work ethics) that was made compulsory for all KFUPM students. 



Second Cycle of Assessment-Correction (2001-2004)
This cycle started with a self-assessment process. The Deanship of Academic Development (DAD) had arranged for assessment teams made of faculty invited from prestigious US universities as well as local faculty to visit and assess all engineering programs in KFUPM (including the COE). The COE department has formed a committee called the Program Representative Team (PRT) to coordinate with the assessment team (AT). Three surveys were conducted in order to assess the performance of the COE graduates in light of the stated program objectives and program outcomes. These surveys were an exit survey, an alumni survey, and employers’ surveys. The PRT team also consulted extensively with COE faculty and students (through public meetings and surveys). Benchmarks were identified that defined the various measures of success, which would be used over the next five years to quantify achievements and progress.
The results of assessment are summarized below:
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	Objective
	How measured
	When measured
	Improvement identified
	Improvement made

	1
	Surveys: Outcomes 1-2 have substantial contribution to the objective while outcomes 3-5 have moderate contribution to the objective.

	Term 022
	None
	None

	2
	Surveys: Outcomes 2-3 have substantial contribution to the objective while outcomes 1 & 4 have moderate contribution to the objective.

	Term 022
	Design of efficient computer systems, Analysis of digital systems
	Enhancing the design/analysis content of the COE Program

	3 
	Surveys: Outcomes 4-7 have substantial contribution to the objective.

	Term 022
	Awareness of contemporary engineering issues, professional and ethical responsibility

	Professional seminars/workshops, Professional Ethics in the course COE 390, Contemporary design issues in COE 400 and COE 485.




[bookmark: _Toc163849142]Program Objectives and Outcomes

Table ‎K‑2 below shows the assessment results for the alignment of the program outcomes with the program objectives:
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1) Graduating Students Survey:

Graduating students were surveyed and Table ‎K‑3 shows summary of the results:
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	Assessment Attribute
	Agreed or Strongly Agreed
%

	The work in the program is too heavy and induces a lot of pressure.
	73

	The program is effective in enhancing team-working abilities.
	72

	The program administration is effective in supporting learning.
	72

	The program is effective in developing analytic and problem solving skills.
	81

	The program is effective in developing independent thinking.
	63

	The program is effective in developing written communication skills.
	85

	The program is effective in developing planning abilities.
	72

	The mathematical content of the program is adequate for pursuing advanced courses in the program.
	50



In addition, most of the students proposed to increase the weight of the course projects. Some of them suggested having separate course projects rather than having the same project for all students

2) Assessment of the COE Curriculum
As a result of the assessment exercise, Table ‎K‑4 was generated based on instructors’ feedback and it shows the linking of the courses to the program outcomes.
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	Courses or Group of courses
	Program Outcomes

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	COE 202, COE 205, COE 305, COE 360
	
	
	
	
	
	
	

	COE 400, COE 485
	
	
	
	
	
	
	

	COE 399, COE 350, 351, 352[footnoteRef:2] [2:  These are summer training and cooperative training courses. Depending on the nature of the training program, it is possible to satisfy any of the stated program outcomes.] 
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In addition, COE courses that contained a significant portion (30% or more) of theory, problem analysis and solution design were identified and are listed below:

	Element
	Courses 

	Theoretical background
	All courses with the exception of ENGL, IAS, and PE, (COE 350, 351, 352), COE 390, and COE 399.

	Problem analysis 
	All courses with the exception of ENGL, IAS, and PE, and COE 390, 

	Solution design
	COE 202, COE 205, COE 305, COE 360, COE 400, COE 485, ICS 202, ICS 431, COE 399, (COE 350, 351, 352)



Assessment also showed that the curriculum had adequate coverage of Mathematics, Basic Sciences, Humanities, Social Sciences, Arts, Ethical, Professional & other requirements.
Also the assessment showed that information technology contents are integrated throughout the program as the table below shows:

	Course
	IT Contents

	COE 202
	Use of CAD tools for the design, simulation and synthesis of digital system

	COE 205
	Use MACRO assemblers to write assembly code for various applications.

	COE 305
	Assembly Programming and Microprocessor Interfacing

	COE 360
	Use of CAD tools for the design, simulation and synthesis of VLSI circuits

	COE 344
	Network simulators are used to analyze network performance

	ICS courses
	Language compilers and development tools are used to build large software projects

	EE courses
	Use Circuit analysis CAD tools, e.g. SPICE

	COE 400 and 485
	Use various CAD tools for design entry, modeling, verification, fabrication (e.g. on PCB) and synthesis



[bookmark: _Toc163849143]Observation/Recommendation of the PRT:

The following observations and recommendations were proposed by the PRT to the COE department which approved them and moved to implement them:

I. COE Faculty Contribution to Learning: Further refinement in faculty contribution to students learning should be considered. Followings are some guidelines:
· Use of different approaches to explain difficult as well as important concepts.
· Encourage student-faculty interaction inside and outside the classroom.
· Incorporate teamwork as an integral part of the learning process.
· Provide effective consultation and advising procedures.
· Use of educational tools, e.g. multi-media animated figures and explanations, etc.

II. COE Program: The results of the surveys showed that students, alumni, and employers appreciated the COE program. The following recommendations were made to strengthen the program further:
· Emphasizing writing and presentation skills.
· Emphasizing experimental skills.
· Strengthening the ability to design on different levels, i.e., system, component, and process.

III. Training: The following were recommended to further strengthen the training aspect within the COE program:
· Emphasizing ability to carry out tasks independently
· Emphasizing ability to identify one’s strengths and weaknesses.

IV. COE Curriculum:

· Introduce a revised version of the current undergraduate curriculum substantially equivalent to the best computer engineering undergraduate curriculum in North America.
· Develop effective mechanisms for faculty/industry personnel exchanges.
· Develop effective mechanisms for faculty to conduct industrial/governmental consultation services.
· Establish a Program Advisory Committee (PAC) for consultation on undergraduate curriculum development and improvement and for setting long-term research directions.



Curriculum Revision
As a result of the self-assessment exercise, the department embarked on a major curriculum analysis that took two years. The two main objectives of the revision were: 1) to remove any redundancy or overlap between courses, particularly core courses, 2) to identify gaps, if any, between core courses and include such topics that are deemed important to fill in these gaps. To achieve these objectives, courses were classified into five areas and benchmarked against the core topics specified by the IEEE/ACM joint Task Force on Computing Curricula for Computer Engineering (CCCE 2001). The curriculum was also extensively benchmarked against reputable North American universities. All course syllabi were re-designed to conform to the self-assessment requirements of stating course objectives and learning outcomes using a provided template.

The following table summarizes the changes to COE curriculum and the justification for these changes:

	Change
	Justification

	Splitting COE 200 (3-3-4) course “Fundamentals of Computer Engineering” into Lecture and Lab as:
1. COE 202 Lecture (3-0-3) “Fundamentals of Computer Engineering” and 
2. COE 203 Lab (0-3-1) “Digital Design Laboratory”  <Pre-requisite: COE 202>
	Due to the advancements in digital design technology, and the introduction of the FPGA based design in the digital design lab, it has become difficult for some students to digest the material and conduct experiments in the same term. The FPGA based design technology eliminates the wiring overhead and allows the students to efficiently implement digital designs.  Separating the lecture and the lab as two separate courses will significantly enhance the quality of the lab and increase the gained benefits of the application of the studied concepts.

	Changing Prerequisites of COE courses as:
	

	a. Prerequisite of COE 205 “Computer Organization and Assembly Language” changed from COE 202 and ICS 201 to COE 202 “Fundamentals to Computer Engineering” and ICS 102 ”Introduction to Computing”.
b. Prerequisite of COE 305 “Microcomputer System Design” changed from COE 205 to COE 205 “Computer Organization and Assembly Language” and COE 202 “Digital Design Laboratory”.
c. Prerequisite of COE 308 “Computer Architecture” changed from COE 205 to COE 205 and COE 202.
d. MATH 102 “Calculus II” is made a prerequisite to COE 341 “Data & Computer Communications” (Renumbered: COE 341).
e. STAT 319 “Probability and Statistics for Engineers and Scientists” is made a prerequisite to COE 441 (renumbered: COE 344 in the revised curriculum) “Computer Networks” instead of being a Co-requisite to COE 342 (renumbered: COE 344 in the revised curriculum) “Data and Computer Communications”.
f. Adding "or Consent of Instructor" to the prerequisite requirements of the elective courses COE 441, 443, 444, 445, 446, 447, and 449
	
· Based on the memo received from the office of the Vice Rector for Academic Affairs, the department has made a thorough review and suggested the above modifications.





























· Allows students from other departments to enroll




	Introducing ICS 334 “Database Systems” course as a required COE course for students with COOP option.
	Due to the market needs and the experience of our COOP students in the industry, it has been found that the industry often requires some work related to data base design and its applications. For this reason, we find it useful for our students to have this knowledge before they begin their COOP work.

	Reducing the degree total number of credit hours:
· The number of COE electives has been reduced from 3 courses to 2 courses.
· Accordingly, the revised program reduces the number of credit hours to 130 for the non-COOP option and 131 for the COOP option.
	· The total number of credits has increased due to modifications in other courses, e.g. ICS 202 “Data Structures” was increased from 3 to 4. To keep the number of credits at 130 or 131, one COE elective has been removed. 
· To compensate for the reduced flexibility due to this change, more flexibility has been introduced by replacing the ICS-elective course with a more flexible IT-elective as detailed below.

	Replacing the ICS Elective with an IT Elective.
The ICS elective course (one of either ICS 313 “Fundamentals of Programming Languages” or ICS 353 “Design and Analysis of Algorithms”) has been replaced by an IT elective course with a list of 4 possible courses instead of 2. The IT elective is satisfied by taking any of the 4 following courses:
a. ICS 353 Design and Analysis of Algorithms (3-0-3) or
b. ICS 334    Database Systems (3-3-4) or
c. SWE 360 Principles of Software Engineering (3-3-4) or
d. COE xxx   COE elective
	· The ICS 313 was replaced by ICS 334 (Database Systems) for more coherence between the COOP and non-COOP options, to address local market needs, and to keep in line with the recommended IEEE/ACM joint Task Force on Computing Curricula for Computer Engineering (CCCE 2001). 
· The SWE 360 has been added to the list to be more in tune with the CCCE 2001 and to improve the program flexibility. 
· The COE elective has been added to the list to compensate for the deleted COE elective.
· Increasing the number of courses in this elective from only 2 electives to 4 enhances the program flexibility.
· Furthermore, since the list covers courses from ICS, SWE and COE, it is more appropriate to call it an IT-elective rather than just an ICS-elective.



[bookmark: _Toc163849144]Third Cycle of Assessment-Correction (2004-2007)
By the end of the previous curriculum revision, it became apparent that the COE curriculum still needs more work. As was stated earlier, the previous curriculum revision was mainly concerned with maintenance tasks (removal of overlaps, redundancies and gaps from courses, updating course contents, etc.) of the courses themselves. Also, significant efforts in the past were spent on updating the departmental lab facilities and the course labs themselves (COE203, COE205 and COE305 labs). These efforts meant that only a limited curriculum revision was possible. A main concern that came from COE faculty, administration and university administration was that the COE program did not have a clear identity. Surely, the COE program had many strong points, but a distinguishing characteristic was lacking, or at least not visible enough. As a result, the COE department formed a new curriculum committee to review the curriculum from the ground up. This curriculum revision is in its final stage and was expected to end by May, 2007. The activities of this committee are summarized below:
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Guiding Principles: 
The following principles were adopted to guide the whole process:

a. Computer Engineering is an internationally recognized discipline. Hence, to call any program as such, it has to follow internationally recognized and accepted standards for curriculum contents and methods of delivery.
b. Engineering is a profession with internationally agreed upon requirements and characteristics. 
c. Two standards were adopted to comply with a and b above. These are: 
1. The IEEE/ACM Computer Engineering Curriculum as detailed and published in their Computing Curricula report (revised in 2001),
2. The ABET guidelines for Engineering programs (New ABET 2000 criteria).
d. The above standards are flexible in the implementation and allow the inclusion of additional components in the curriculum that are tailored for a specific environment (such as Saudi Arabia’s).
e. For an efficient curriculum design/review, the process has to follow a top-down approach; first the broad lines of the curriculum, objectives, outcomes, major options and components are determined, then the detailed implementation is considered.

[bookmark: _Toc163849146]Methodology: The adopted curriculum revision strategy is summarized below:
1 Set objectives for the program in line with the college’s and university’s
2 Set program outcomes including 
a. discipline specific skills
b. profession specific skills
c. personal and transferable skills
3 List areas of relevance to COE Curriculum – from IEEE and other programs,
4 Categorize the areas of interest to COE based on the program objectives:
i. COE areas of focus (core) - preferably focusing on those that meet program objectives,
ii. COE areas of added value
iii. COE areas of interest
iv. Associated areas
a. areas of added value (from assessment perspective)
b. areas of interest
5 Map the weak points identified in the assessment exercise and those that are relevant to the curriculum into the areas identified in step 4.
6 Estimate the number of hours for each of the above areas.
7 Generate a table that maps areas in step 4 with the learning outcomes in 2, which also includes the number of hours in step 5, and a link to the weaknesses identified in the assessment exercise.
8 Assign a working group for each of the areas to come up with:
a. learning outcomes for each area that maps into the learning outcomes of the program,
b. list of courses for each area,
c. learning outcomes for each course and syllabus,
d. identify how the weaknesses identified in the assessment exercise and which is relevant to their area has been addressed including the corrective action.
9 Review the results of each group and integrate it into the final curriculum.

[bookmark: _Toc163849147]The adoption of new program objectives and outcomes
The committee opted for broad program objectives as was explained in section C.2. After close coordination with the assessment committee, these objectives were mapped to 14 program outcomes. These included ABET’s a-k outcomes, two computer engineering-specific ABET outcomes (l & m) and an additional outcome (n) related to the local needs. These outcomes were then mapped to courses learning outcomes. The curriculum and assessment committees ensured that each of the program outcomes was injected in several core courses throughout the program. 
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The curriculum committee proposed the following:
1. Maintaining the current levels of basic science courses, English courses and IAS courses;
2. Making no significant changes to sophomore courses (allowing change of majors)
3. Reducing the focus on ICS areas and increased focus on COE areas
4. Offering a minimum set of core courses in all breadth areas. The committee, through extensive benchmarking, made sure that it did not go below the minimum standard for the coverage of an area. This resulted in a maximum of two courses per breadth area. The following areas have been designated as breadth areas:
a. Math and Science (profession-specific)
b. Professional and Personal skills (Engineering-profession related skills)
c. Computer Organization and Architecture (Discipline-specific)
d. Digital System Design (Discipline-specific)
e. Embedded Systems (Discipline-specific)
f. Electronic Circuits/VLSI (Discipline-specific)
g. Computer Networks (Discipline-specific)
h. Information Representation, Processing and Security (Discipline-specific)
i. Computer Sciences (Programming, Algorithms, integration with hardware, etc.) (Discipline-specific)
5. Increasing the number of electives allowing the student to pick at least two areas of depth. The following areas have been designated as areas of depth:
a. Advanced Networking: Integrated network/service management, Web Service Technology, Wireless and Mobile Computing (including Mesh, Ad-Hoc and sensor networks), Optical Networks
b. VLSI: VLSI Design, Testing and Verification, Software-Hardware Co-design, Systems on Chips, Electronic Design Automation
c. High Performance Computing: Grid Computing, Fault-Tolerant Computing
d. Non-Conventional Computing: Configurable Computing, Pervasive Computing, Bio-Informatics, Optical Computing
e. Computer Systems Applications: Robotics, Multimedia Systems, Computer Vision, IT Security Systems 
6. Maintaining a good number of un-restricted general electives, allowing the students more breadth of knowledge and more exposure to contemporary issues;
7. Offering a coverage of engineering practices, skills and project management through the seminar and capstone project courses;
8. Integrating different COE disciplines through three courses; the first is an introduction to computer systems, embedded systems and the capstone project courses;
9. Proposing two new courses: COE260 (3-3-4), Digital Electronics for Computer Engineers, replacing EE203 and COE360 and COE319 (2-3-3), Applications of Statistics in COE, replacing Stat319;
10. Changing the chain of courses in the area of computer architecture (COE205, COE308, COE305 and COE400) to reflect the new departmental focus in the following:
a. COE 208 Computer Architecture and Organization (3-3-4), with COE 202 (Digital Logic Design) as a pre-requisite,
b. COE 307 Computer Systems (3-0-3), with COE 208 as a pre-requisite,
c. COE 305 Embedded Microprocessor System Design (3-3-4), with COE 203 (Digital Logic Lab) and COE208 as pre-requisites, 
d. COE 400 Embedded Systems (1-6-3), with COE 305 as a pre-requisite,

11. COE485 (Senior Design Project) is to become a capstone project course (2-3-3) with a structured project and an introduction to engineering practices (project management, communication skills, etc.)
The committee held frequent presentations to the COE department counsel to get its approval of all intermediate steps. Four reports were generated, and were sent to all COE faculties for their reviews and feedback, which the committee incorporated in its work.
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Current Cycle of Assessment-Correction (2005-2009)
Starting in 2005, the COE department embarked upon a major task of reviewing and upgrading our assessment process itself. The new process was explained in section c.3 above. Starting with the 061 semester, the COE department started collecting assessment data for the new assessment process. Some early actions have already been proposed and implemented regarding improving students' communication skills, knowledge of contemporary issues and impact of engineering solutions on society. The table below shows these actions:










	Issue
	Actions taken

	1. Improving Students' Communication Skills
	· Enrollment in COE390 (Seminar) was limited to 15 students to allow for two presentations per student and to allow the faculty to observe and guide them more.
· All COE electives are now required to have a course project where students must write a project report and present their work.
· All students returning from their COOP or summer training are required to write a report about their work experience and present their work.

	2. Improving Students' Knowledge of Contemporary Issues
	· Projects offered to students in COE400 (Emb. Syst.)  and COE485 (Sen. Des. Proj.) must deal with some of the contemporary issues facing the society (e.g. rising costs of health care, cyber crimes and security, etc.).
· Each student must prepare an essay about a contemporary issue, write a report about it and present it to the class.
· Each semester, the department invites a speaker from outside the department to speak about a contemporary issue that is affecting the Kingdom.

	3. Improving Students' Understanding of Impact of  Engineering Solutions on Society
	· Each semester, the students in COE390 attend a presentation on this subject by an invited speaker (with industrial experience). They are also required to write an essay on the subject afterwards giving more examples on some engineering solutions and how they impacted the society.
· As part of their COE400 and COE485 projects, students are required to comment on how they believe their project would impact the society.




By the end of the 062 semester, the COE department would have gathered assessment data (both direct and indirect) to start assessing the effects of all previous corrective actions.


