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TEACHING AND ASSESSING BASED ON ABET EC 2000 CRITERION

This Section is intended to support educators and faculty participating in the process of reforming engineering programs for accreditation using ABET EC 2000. The Section is designed to assist the faculty revising the engineering program and teaching style in an outcome-oriented approach. Nevertheless it is well recognized that the transition from classical engineering education to outcome-oriented engineering requires strong motivation to develop a culture of modern engineering education, radical changes in teaching and organization, and tremendous effort to make the whole transition successful.

A detailed analysis of ABET outcomes is presented (Section 7) by breaking-down each outcome into three major components: (1) outcome description, (2) instructional plan, and (3) assessment plan. Each outcome is first described and analyzed in order to make it teachable within a course, a group of courses, or across the program. The instructional plan provides guidance to the instructor on the technical and organization details to facilitate the implementation of each outcome in the program. It also describes teaching topics and organization needed for directly addressing each outcome. The assessment plan assumes successful implementation of the instructional plan and suggests direct and indirect assessment tools to provide effective feedback on the performance of the program in short term (at graduation) and long term (at work). 
In the following each ABET EC 2000 outcome (each of the a-k outcome) is broken-down into three major components (1) outcome description, (2) instructional plan, and (3) assessment plan.
1 - Bloom’s Taxonomy of Learning

This taxonomy of learning ensures consistency between the teaching approach/focus (how and what professors provide their students) and assessment methods and features six levels of increasing difficulty for students. A traditional thermodynamics course concentrates on the first three levels. The design driven, problem-based thermodynamics course engages students in higher order cognitive skills and allows for creativity and technical maturity. Bloom’s taxonomy of learning levels is as follows:

1. Knowledge: (List, Recite)

2. Comprehension (Explain, Paraphrase)

3. Application (Calculate, Solve)

4. Analysis (Classify, Predict, Model, Derive, Interpret)

5. Synthesis (Propose, Create, Design, Improve)

6. Evaluation (Judge, Select, Justify, Recommend, Optimize).
2 - Glossary of Accreditation Terminology

1. 
Program educational objectives—“broad, general statements that communicate how an engineering program intends to fulfill its educational mission and meet its constituencies’ needs.”

Example: Provide students with a solid grounding in the basic sciences and mathematics, an understanding and appreciation of the arts, humanities, and social sciences, and proficiency in both engineering science and design.

2. 
Program outcomes—more specific statements of program graduates’ knowledge, skills, and attitudes that serve as evidence of achievement of the program’s educational objectives.

Example: The program graduates will be able to analyze important social and environmental problems and identify and discuss ways that engineers might contribute to solutions, including technological, economic, and ethical considerations in their analysis.

In Criterion 3, ABET specifies eleven outcomes. Program outcomes must encompass Outcomes 3a–3k but should not be verbatim copies of them. To meet the requirements of the engineering criteria, the program outcomes should clearly have been formulated to address all of the program educational objectives.

3. 
Outcome indicators—the instruments and methods that will be used to assess the students’ attainment of the program outcomes. 

Examples: Alumni, employer, and industrial advisory board surveys, exit interviews with graduating seniors, student portfolios, capstone design course performance ratings, performance on standardized tests like the FE Examination and the GRE, and job placement data of graduates.

4. 
Performance targets—the target criteria for the outcome indicators.

Examples:

·  The [average score, score earned by at least 80%] of the program graduates on the [standardized test, standardized test item, capstone design report, portfolio evaluation] must be at least 75/100.

·  The [median rating for, rating earned by at least 80% of the program graduates on the [self-rating sheet, peer rating sheet, senior survey, alumni survey, employer survey, final oral presentation] must be at least [75/100, 4.0 on a 1–5 Likert scale, “Very good”].

5. 
Outcome elements—different abilities specified in a single outcome that would generally require different assessment measures.  Besterfield-Sacre et al. break each of Outcomes 3a–3k into separate elements. For some outcomes, such as Outcome 3b, the elements are literally extracted from the outcome statement:

Outcome 3b—ability to design and conduct experiments, as well as analyze and interpret data means designing experiments, conducting experiments, analyzing data, interpreting data.

For others, such as Outcome 3e, the elements are derived from an analysis of the specified abilities:

Outcome 3e—ability to identify, formulate, and solve engineering problems means problem identification, problem statement construction and system definition, problem formulation and abstraction, information and data collection, model translation, validation, experimental design, solution development or experimentation, interpretation of results, implementation, documentation, feedback and improvement.

6. 
Outcome attributes—actions that explicitly demonstrate mastery of the abilities specified in an outcome or outcome element. The main thrust of the work of Besterfield-Sacre et al. is to define attributes at the six levels of Bloom’s taxonomy of cognitive objectives  and at the valuation level of Krathwohl’s taxonomy of affective objectives  for each of Outcomes 3a–3k.

Examples: Attributes proposed by Besterfield-Sacre et al. for the element “Problem statement construction and system definition” of Outcome 3e include:

·  describes the engineering problem to be solved,

· visualizes the problem through sketch or diagram,

· outlines problem variables, constraints, resources, and information given to construct a problem statement, and

· appraises the problem statement for objectivity, completeness, relevance, and validity.

7. 
Program core—a set of courses designated to address some or all of the program outcomes. Required courses in the major field of study would be obvious candidates for the core. Required courses given in other programs, such as mathematics, physics, chemistry, and English—might be included as long as they consistently address outcomes. Elective courses or courses whose content varies from one offering to another (so that the outcomes might not be addressed in a particular offering) would not be included.

8. 
Course outcomes—knowledge, skills, and attitudes that the students who complete a course are expected to acquire. Some of the outcomes in program core courses should map onto or be identical with one or more program outcomes.
9. 
Course learning objectives (aka instructional objectives) statements of observable student actions that serve as evidence of the knowledge, skills, and attitudes acquired in a course.

Examples: The students will be able to

· explain in terms a high school student could understand the concepts of specific gravity, vapor pressure, and dew point

· solve a second-order ordinary differential equation with specified initial conditions using Matlab

· design and carry out an experiment to measure a tensile strength and determine a 95% confidence interval for its true value

· define the four stages of team functioning and outline the responsibilities of a team coordinator, recorder, checker, and process monitor

Learning objectives should begin with observable action words (such as explain, outline, calculate, model, design, and evaluate) and should be as specific as possible, so that an observer would have no trouble determining whether and how well students have accomplished the specified task. Words like “know,” “learn,” “understand,” and “appreciate” may be suitable for use in educational objectives or program or course outcomes but not learning objectives. To know whether or not students understand, say, the impact of engineering solutions in a global/societal context (Outcome 3h), one must ask them to do something to demonstrate that understanding, such as identify an important problem and discuss ways engineers might help solve it.

10. 
Outcome-related course learning objectives—learning objectives for a core course that specifically address one or more program outcomes. These objectives would normally be cited in the self-study to establish where and how the program is addressing
For more information, please see reference [1].
3 - Illustrative Learning Objectives for Outcomes 3a–3k

Outcome 3a (apply knowledge of mathematics, science, and engineering) and Outcome 3k (use modern engineering techniques, skills, and tools)

The student will be able to (insert the usual engineering course objectives).

Outcome 3b (design and conduct experiments, analyze and interpret data)

The student will be able to

· design an experiment to (insert one or more goals or functions) and report the results (insert specifications regarding the required scope and structure of the report). Variants of this objective could be used in traditional lecture courses as well as laboratory courses.

· conduct (or simulate) an experiment to (insert specifications about the goals of the experiment) and report the results (insert specifications regarding the scope and structure of the report).

· develop a mathematical model or computer simulation to correlate or interpret experimental results (insert specifications regarding the experiment and the data). The results may be real data from a laboratory experiment or simulated data given to students in a lecture course.

· list and discuss several possible reasons for deviations between predicted and measured results from an experiment, choose the most likely reason and justify the choice, and formulate a method to validate the explanation.

Outcome 3c (design a system, component, or process)

The student will be able to

· design a system (or component or process) to (insert one or more goals or functions) and report the results (insert specifications regarding the required scope and structure of the report). Variants of this objective could be included in traditional lecture courses (including the freshman engineering course) as well as the capstone design course.

· use engineering laboratory data to design or scale up a system (or component or process).

· build a prototype of a design and demonstrate that it meets performance specifications.

· list and discuss several possible reasons for deviations between predicted and measured results from an experiment or design, choose the most likely reason and justify the choice, and formulate a method to validate the explanation.

Outcome 3d (function on multi-disciplinary teams)

The student will be able to

· identify the stages of team development and give examples of team behaviors that are characteristic of each stage.

· summarize effective strategies for dealing with a variety of interpersonal and communication problems that commonly arise in teamwork, choose the best of several given strategies for a specified problem, and justify the choice.

· function effectively on a team, with effectiveness being determined by instructor observation, peer ratings, and self assessment.

· explain aspects of a project, process, or product related to specified engineering and non-engineering disciplines.

Outcome 3e (identify, formulate, and solve engineering problems)

The student will be able to

· troubleshoot a faulty process or product (insert specifications regarding the nature of the process or product) and identify the most likely sources of the faults.

· create and solve problems and identify their levels on Bloom’s Taxonomy.

· examine a description of a problematic technology-related situation and identify ways that to a solution.

Outcome 3f (understand professional and ethical responsibility)

Given a job-related scenario that requires a decision with ethical implications, the student will be able to

· identify possible courses of action and discuss the pros and cons of each one.

· decide on the best course of action and justify the decision.

Outcome 3g (communicate effectively)

The student will be able to

· critique writing samples and identify both strong points and points that could be improved in grammar, clarity, and organization.
· critique oral presentations and identify both strengths and areas for improvement.

· write an effective memo (or letter, abstract, executive summary, project report) or give an effective oral presentation… (insert specifications regarding the length and purpose of the communication and the intended audience).

Outcome 3h (understand the global/societal impact of engineering solutions)

The student will be able to

· discuss historical situations in which technology had a major impact on society, either positively or negatively or both, and speculate on ways that negative results might have been avoided.

· propose a solution or critique a proposed solution to an engineering problem, identifying possible negative global or societal consequences and recommending ways to minimize or avoid them

Outcome 3i (recognize the need for life-long learning and be able to engage in it)

The student will be able to

· find relevant sources of information about a specified topic in the library and on the World Wide Web (or perform a full literature search).

· identify his or her learning style and describe its strengths and weaknesses. Develop strategies for overcoming the weaknesses.

· participate effectively in a team project and assess the strengths and weaknesses of the individual team members  and the team as a unit.

Outcome 3j (know contemporary issues)

The student will be able to

· identify important contemporary regional, national, or global problems that involve engineering.

· propose and discuss ways engineers are contributing or might contribute to the solution of specified regional, national, and global problems.

For more information, please see reference [1].
4 – Summary of Instructional Methods that Address Outcomes 3a–3k

The ideas that follow are offered as illustrations, since the possibilities are limitless. The references the ideas related to the individual outcomes.

Outcome 3a (apply knowledge of mathematics, science, and engineering)

All teaching methods customarily used in engineering education address this outcome.

Outcome 3b (design and conduct experiments, analyze and interpret data)

· Run several open-ended experiments in engineering laboratory courses that call on the student experiments to achieve specified goals. Prescribe a lab report format that includes sections on experimental design, experimental procedures, instrument calibration and data analysis (including error estimation): and interpretation of results in light of theory. Provide instruction in each of the given topics in the form of lectures, readings, or interactive Web-based self-study modules, and have students critique good and bad examples taken from real or hypothetical reports. Provide study guides with learning objectives that cover each section and give individual tests consistent with the study guides. If student teams give oral reports, randomly select which team member presents each section rather than allowing the students to report on the sections for which they were primarily responsible.

· Give students in lecture courses real or simulated experimental data to analyze and interpret. Build realistic experimental error into the data and sometimes give experimental results that contradict theoretical expectations. Include problems of this type in classroom exercises, study guides, and tests.

· Assign students in lecture courses to design experiments to measure specified variables and have them provide examples of the data they would expect to collect and how they would 
Outcome 3c (design a system, component, or process)

· Include design methods in lectures and design problems in curses throughout the curriculum (including the freshman engineering course). Early in the curriculum, provide constructive feedback and models of good responses to these problems but give them relatively little weight in grading, and increase their importance in grading as the students progress toward the senior year.

· In all courses in which design problems are assigned (including the capstone design course), provide study guides with learning objectives that deal with every aspect of the process used to solve the problems. Give individual tests consistent with the study guides.

· Bring experienced design engineers into engineering classes to talk about and give examples of what they do.

· Use structured cooperative learning if designs are to be done by teams. 
Outcome 3d (function on multidisciplinary teams)

· In courses throughout the curriculum (starting with the freshman engineering course and  design course), assign projects that involve material and methods from different disciplines—e.g., different branches of engineering and physical sciences, biological sciences, mathematical sciences, computer science, economics, and management science. Form teams and assign team members to be responsible for the portions of the project associated with the different disciplines. (If the students actually come from different disciplines, so much the better.)

· Provide training in effective team functioning.

· Provide study guides with learning objectives that cover elements of effective multidisciplinary team functioning (including strategies for cross-disciplinary communication and ways of dealing with common team dysfunctionalities), and give individual tests consistent with the guides.

· Use structured cooperative learning, especially jigsaw (see Section V-C and Appendix E).

Outcome 3e (identify, formulate, and solve engineering problems)

· Include problem identification and formulation in course learning objectives.

· In design or analysis problems in class, on assignments, and on tests, hypothesize situations in which the equipment or process in question is operated as stated in the problem but does not meet specifications and ask the students to brainstorm possible reasons for the discrepancy between predicted and measured performance. For example, after the students in a fluid determined that a centrifugal pump should be adequate to deliver N gal/min of a coolant from a storage tank through a system of pipe segments and fittings that span a specified vertical rise, tell them that the pump was installed and failed to achieve the specified delivery rate and ask for possible reasons. (Responses to such questions might include computational errors, measurement errors, instrument calibration errors, violations of assumptions or inappropriate approximations or failure to account for important factors in the design calculation, flaws in the purchased or formula, equipment failure of one type or another, sabotage, etc.)

· As part of a homework assignment, ask students to make up a problem having to do with the material taught in class that week. Tell them that they will get a minimal passing grade for a completely straightforward formula substitution problem and to get a higher grade their problem must call for deep understanding or critical or creative thinking on the part of the problem solver. Provide constructive feedback and examples of good responses. In a subsequent assignment, ask them to make up and solve a problem having to do with that week’s material, and later ask them to make up and solve a problem having to do with what they covered that week in this class and in some other class in the curriculum that involves an ethical dilemma (Outcome 3f) or a contemporary issue (Outcome 3h or 3j). Make copies of some or all student-generated problems for assessment purposes and consider including good ones on course tests. (Announce your intention of doing so when the assignment is given.).
Outcome 3f (understand professional and ethical responsibility)

· Include elements of ethical and professional responsibility in course learning objectives and on tests in at least one core engineering course in each year of the curriculum, including the capstone design course. Provide instruction in engineering ethics in the form of lectures or supplementary handouts. (A less effective alternative is to offer an elective course on professional and ethical responsibility.)

· Include several course-related professional/ethical dilemmas in each engineering course that has professional and ethical issues in its learning objectives. Have students formulate responses and justifications individually, then reach consensus in pairs or teams of three. Provide constructive feedback and several alternative models of good responses, being sure to convey the idea that there is not one “correct” response and that what matters is the clarity and logical consistency of the justification. Have the students reformulate their initial responses to the dilemmas in light of the feedback.

Outcome 3g (communicate effectively)

· Incorporate “writing across the curriculum” or “writing to learn” methods into engineering courses.

· Include some qualitative descriptive problems in course learning objectives, in-class exercises and homework, and study guides and tests. Grade both technical correctness and clarity of expression.

· In courses that require technical report writing or oral presentation, provide preliminary instruction. Offer bad examples for students to critique and good and bad examples for them to compare and contrast.

· Have students (or student teams) critique first drafts or presentations of other students’ (teams’) both technical accuracy and presentation quality in the critiques. For written reports, collect but do not grade the first drafts; for written and oral reports, grade both the critiques and the revised draft or final presentation.

Outcome 3h (understand impact of engineering solutions in a global/societal context) and Outcome 3j (know contemporary issues)

Incorporate some in-class exercises, homework problems, and/or case studies that involve current global/societal issues in several engineering courses, including freshman engineering and capstone design courses. (Recent newspaper articles and science and society texts are good sources of topics.) Include such issues as environmental/economic tradeoffs, health and safety/economic tradeoffs, problems related to globalization such as movement of production facilities to other countries, total quality management, and pros and cons of government regulation of private industry.  Ask students to generate potential solutions and evaluate them. Require such discussions as part of all major design projects. (A less effective approach is to include a “Science and Society” course in the curriculum.)

Outcome 3i (recognize need for and be able to engage in lifelong learning)

· Teach students about learning styles, help them identify the strengths and weaknesses of their style, and give them strategies to improve their study and learning skills.

· Require library and Web searches and documentation of references. Grade on the thoroughness of the searches and the quality of the documentation.

· Occasionally introduce case studies of realistic industrial problems and have the students identify what they would need to know to solve them and how they would go about obtaining the needed information. (In other words, use problem-based learning.)

· Use active and cooperative learning, both approaches that move students away from relying on professors as the sole source of information and accustom them to relying on themselves and one another.

· In general, anything done to meet Criteria 3e (identify and formulate engineering problems), 3f (understand professional and ethical responsibility), and 3h (understanding of global/societal context of engineering solutions) automatically addresses Criterion 3i.

Outcome 3k (Use modern engineering techniques, skills, and tools)

· Have students use state-of-the-art technology for engineering system design, control, and analysis, mathematical analysis, Web-based research, writing, and communication.

· Use computer simulations to conduct extensive parametric studies, process optimization, and “what-if” explorations.

· Use modern equipment and instrumentation in undergraduate laboratories.

· Include plant visits and presentations by practicing engineers in required engineering courses to make students aware of modern engineering tools and practices. 
For more information, please see reference [1].
5 - Problem-Based Learning Methods that Address Outcomes 3a–3k
Outcome 3a (apply knowledge of mathematics, science, and engineering)

The traditional instructional approach in science, mathematics, engineering and technology that presents “fundamentals” and then (as much as three years later) presents the applications that make use of the fundamentals has repeatedly been associated with low motivation, poor learning, negative attitudes toward the subject, and high student attrition. Virtually all modern research-based references on effective teaching and learning agree that students have greater motivation to learn and learn more effectively when they perceive a need to know the material being taught. Establishing a need to know material before teaching it is almost by definition what problem-based learning does.

Outcome 3b (design and conduct experiments, analyze and interpret data)

Rather than having student teams work through a large number of pre-designed experiments in the engineering laboratory course, assign a small number of problems that require experimentation to solve (choosing problems that can be solved with existing or readily obtainable resources) and have the student teams devise and implement experiments to solve them. Provide instruction or resources for self-study in experimental design, statistical data analysis, instrument calibration, equipment operation, etc., only after the teams have encountered a need to know the material.

Outcome 3c (design a system, component, or process)

In the capstone design course, do not provide instruction or resources for self-study in the elements of the design process— conceptual design, cost and profitability analysis, CAD, optimization, etc.—until the student teams encounter a need for instruction in those topics in the course of developing their designs.

Outcome 3d (function on multidisciplinary teams)

Assign problems whose solutions require material from several disciplines. (It would be difficult to find problems with the complexity and open-endedness needed to be suitable for problem-based learning that fail to satisfy this condition.) Assign different team members to take primary responsibility for each discipline, making sure to hold all team members accountable for the work done by each of them.
Outcome 3e (identify, formulate, and solve engineering problems)

Problem-based learning is an ideal instructional approach for helping students to develop skills in problem identification, formulation, and solution, in that it explicitly requires students to do all three in the course of analyzing complex problems. Simply using PBL is therefore a major step toward addressing this outcome.  To further facilitate development of problem formulation skills, have students formulate their own focus problems once they have acquired some experience with instructor-formulated problems.

Outcome 3f (understand professional and ethical responsibility)

Incorporate professional and ethical dilemmas in focus problems. To impart a unique understanding of professional responsibilities, use a variant of the Virginia Commonwealth University student consulting team experience.

Outcome 3g (communicate effectively)

Development of communication skills occurs automatically in problem-based learning as long as written or oral reporting is part of the implementation, especially if students work on the problems in structured teams. The greatest benefit is obtained if the implementation adheres to the principles of cooperative learning delineated in Appendix E.

Outcome 3h (understand impact of engineering solutions in a global/societal context)

Choosing PBL focus problems that have global or societal implications may be the most effective way of addressing this outcome.  For example, assign the students to design a small, inexpensive, easily portable solar-powered water purification system for use in rural areas in developing countries and to explore its potential technical and economic benefits.

Outcome 3i (recognize need for and be able to engage in lifelong learning)

Any instructional method that transfers some of the burden of learning from the instructor to the students gives students an awareness of the need to assume this burden and helps them develop their skills at doing so. Problem-based learning is a quintessentially student-centered instructional approach, and the complex open-ended problems that provide the basis of the approach are exactly the types of problems the curriculum should be preparing the students to address throughout their careers.
Outcome 3j (know contemporary issues)
If focus problems involve contemporary issues, the students will end by knowing the issues to an extent that no other educational experience could provide.

Outcome 3k (use modern engineering techniques, skills, and tools)

As stated previously, focus problems can be chosen to address any technique, skill, or tool that the instructor wishes to address.
For more information, please see reference [1].
6 - Cooperative Learning Methods that Address Outcomes 3a–3k

To use cooperative learning, the instructor should have some or all course assignments (problem sets, laboratory experiments, design projects) done by teams of students that remain together for at least one month and as much as the entire semester. Roles should be defined for team members that rotate from one problem set, lab experiment, or phase of the project to the next. Possible roles are listed below:

a. (All settings) Coordinator (schedules meetings, makes sure all team members know what they are supposed to be doing and deadlines for doing it, recorder (coordinates preparation of the final solution set, lab report, or project report to be graded and of any required intermediate drafts), checker (verifies correctness of the final product), and group process monitor (verifies that each team member understands each part of the final product, not just the part for which he or she was primarily responsible).

b. (Laboratory course) Experimental designer (coordinates determination of the data to be collected in each run, the number of runs to be carried out, the conditions of each run, and the required data analysis), operations supervisor and safety monitor (coordinates instrument calibration and operation and data recording), data analyst/statistician (coordinates data analysis, including estimation of error, and statistical quality control), and theorist (coordinates interpretation of results in light of existing theory and/or material in related lecture courses).

c. (Design course) Process or product designer (coordinates conceptual design), process analyst (coordinates determination of process equipment and product specifications), process engineer (coordinates design of instrumentation, process control, and quality control systems and production planning and scheduling), and economic analyst (coordinates cost and profitability analysis and process optimization).  

Two sets of roles may be assigned simultaneously, e.g., (a) and (b) in laboratory courses and (a) and (c) in design courses. 

The principal method of assuring individual accountability in cooperative learning is to give individual examinations covering every aspect of the assignment or project, something routinely done in lecture courses but rarely in laboratory or design courses. Another method applicable to courses involving oral project reports is to arbitrarily designate which team member presents which part of the report a short time before the reports are to be presented. The team members who were principally responsible for particular aspects of the project (for example, the occupants of the roles specified in Items (b) and (c) of the list given above) then have the added responsibility of making sure that all of their teammates understand what they did, and their project grade depends in part on their ability to provide that instruction.

A third method is to collect peer ratings of team citizenship, construct weighting factors from the ratings, and apply them to team assignment grades to determine individual grades for each assignment. This procedure addresses many of the commonly expressed concerns about team members who do not pull their weight on the team (and perhaps don’t participate at all) but receive the same grade as their more responsible teammates. Standard references on cooperative learning suggest other methods of achieving individual accountability and satisfying the other defining criteria for cooperative learning.

When technical roles are assigned as in (b) and (c), the jigsaw technique can be used to further enhance the effectiveness of cooperative learning. Once the teams have been formed and the roles assigned, “expert groups” consisting of all of the students in a specific role are given supplementary training in their areas of expertise by a faculty member or graduate teaching assistant. In a laboratory course, for example, the operations supervisors (and no other team members) would be given instruction on operation of the experimental equipment, the data analysts would be given instruction on elements of error analysis and/or statistical quality control, and so on. Each team member has the responsibility of applying his or her expert knowledge to completion of the team assignment, thus assuring positive interdependence (if an expert does a poor job, everyone’s grade is diminished).
Following are cooperative learning methods that specifically address Outcomes 3a–3k.

Outcome 3a (apply knowledge of mathematics, science, and engineering)

A large body of research data indicates that using cooperative learning in a course with mathematics, science, and engineering content increases the likelihood that this content will be mastered. No specific technique is required to achieve this outcome as long as the five defining criteria of cooperative learning are met.

Outcome 3b (design and conduct experiments, analyze and interpret data), Outcome 3c (design a system, component, or process), and Outcome 3d (function on multidisciplinary teams)

Assign roles to laboratory team members that involve experimental design, analysis, and interpretation (3b), to design team members that involve all principal aspects of the design process (3c), and to team members in any project-based course that involve tasks commonly associated with different disciplines (3d). Implement jigsaw. Take measures to hold all team members individually accountable for every part of the final project report.

Outcome 3e (identify, formulate, and solve engineering problems)

At the beginning of a course, give a diagnostic assignment to assess skill in problem identification and formulation and include on each homework team at least one individual who scores well on this assignment. Give team assignments that call for problem identification, formulation, and solution, followed by individual assignments and/or examinations that do the same.

Outcome 3f (understand professional and ethical responsibility)

Give assignments in which individuals analyze professional or ethical dilemmas (ideally imbedded within technical assignments) and then work in teams to reach consensus on how to respond to the dilemmas. Later in the course, include dilemmas in individual assignments and/or examinations.

Outcome 3g (communicate effectively)

Cooperative learning requires communication, and all of the techniques suggested in the cooperative learning literature to promote the success of the method automatically promote the improvement of communication skills. When assignments involve written or oral communication, an effective technique is to have pairs of teams critique each other’s first drafts of written reports or rehearsals of oral reports.  The critiquing team members individually fill out copies of the rating sheet to be used for the actual evaluations and then reconcile their ratings and discuss them with the presenting team, which makes revisions taking the feedback into account.

A communication technique for helping students resolve the serious disagreements and conflicts that sometimes arise in teamwork is active listening. Have one side make its case, and then have someone on the other side repeat the case verbatim without attempting to refute it, with people on the first side making corrections as needed until the party of the second part gets it right. Then the second side makes its case, and the first side has to repeat it without editorial comment. Finally, both sides try to work out an agreement that addresses everyone’s issues and feelings.

Outcome 3h (understand impact of engineering solutions in a global/societal context)

Use structured controversy to analyze case studies of controversial engineering solutions that have had a global or societal impact. Give each team member or pair of team members a position or possible alternative solution to advocate and material to help them develop arguments for their position (or have them do their own research, which will also address Outcome 3i), and then have them argue their positions in an intra-team debate. After each side has made its case, have them work as a team to formulate and justify a consensus position.

Outcome 3i (recognize need for and be able to engage in lifelong learning)

Using cooperative learning in any way at all moves students away from depending on teachers as resources and toward relying on themselves and their peers, the principal resources for lifelong learning. Having to work in CL teams promotes recognition of the need for independent and interdependent work, and the experience of doing so promotes the ability to do so successfully.

Outcome 3j (know contemporary issues)

Require teams to make up problems that place course content in the context of contemporary issues (which also addresses Outcome 3e). The issues may relate to professional or ethical dilemmas (Outcome 3f) and/or global or societal issues (Outcome 3h). In subsequent assignments, have teams solve other teams’ problems.

Outcome 3k (use modern engineering techniques, skills, and tools)

In any group, some students are likely to have greater computing skills than their teammates have. If computer applications are included in course assignments done by cooperative learning teams, the novices will benefit from one-on-one tutoring from their more experienced colleagues and the latter students will receive the depth of learning that results from teaching others. The same argument can be made for any engineering technique, skill, or tool. 
For more information, please see reference [1].
7 - Instructional Methods that Address Outcomes 3a–3k (detailed)
A - An ability to apply knowledge of mathematics, science, and engineering

Outcome description
· An understanding of calculus, differential equations, physics, and chemistry

· Ability to employ general principles, theories, concepts, and/or formulas from mathematics, science, and engineering in the solution of problems in their field of engineering. 

Instructional plan

There is need to find a way for students to demonstrate that they have the ability to apply this knowledge. One way is to have the students solve problems in a form that shows that they are aware of the application of the knowledge of mathematics, science, and engineering to the problems. Therefore, asking students to use these steps in class requires finding good examples of teaching them to apply the desired knowledge to solving a problem:
· Plan on a set of classes in related courses to teach how to apply the desired knowledge to solving a problem. For a particular problem, teach the students a problem that requires the following steps:

· define and describe the pertinent principle, theory, concept, and/or formula;

· explain why it is appropriate to the problem; and

· demonstrate how it has been applied in the solution of the problem
· Instructional examples: 
· For junior class of data communication, one may use the evaluation of Fourier Series as a frequency representation of a given temporal signal. The application of the above to discrete signal representation and the synthesis of FFT and its interpretation. Examples of FFT computing and plotting using Matlab. Extension of power spectrum density and a discussion of power distribution for a given signal.
· For a sophomore or junior class on computer arithmetic, one may use power-of-two calculus for binary numbers and 2s complement, finding the decimal of a sequence, and the mathematical analysis of some arithmetic algorithms like Booth and others.
· For a sophomore or junior class on logic design, one may use the computation of overall propagation delays by accounting for wire and gate delays in a multi-layered combinational circuit. In addition one may show that capacitive and inductive effects on wire transmission line in ICs cause signal distortion that can be fully analyzed by using first and second order differential equations (DEs). One may show the mapping of DE solutions to specific signal distortion taken from real ICs.    
Assessment plan

Direct assessment:
· Designate a set of classes in which the students are asked to solve similar problems, perhaps for two or three homework assignments, using the above three-step problem model presented by the instructor. 
· Then the instructor could collect the assignments in Portfolio Assessment (PA) and keep them for the formal assessment.  
· Have a small faculty committee to evaluate the work reported in the PA at the appropriate time in the assessment cycle
Indirect assessment:

· Exit interview, exit survey, alumni survey, and employer survey. 
· Use of alumni survey question: “My education at the COE has given me the ability and the confidence to apply general principles of mathematics, science, and engineering to the engineering problems I encounter at work”. 
· Use of employer survey question: “The COE graduate is entirely satisfactory in his ability to apply general principles of mathematics, science, and engineering to engineering problems”
B. An ability to design and conduct experiments, as well as to analyze and interpret data

Outcome description

Ability to take an experimental problem description and develop a hypothesis, define the pertinent dependent and independent variables, and establish a sound experimental method that will allow to measure the variables and test the hypothesis

Instructional plan
· Teach the student a typical experimental problem based on developing a hypothesis, define the pertinent dependent and independent variables, and establish a sound experimental method that allows to measure the variables and test the hypothesis. 
· Teach the students how to conduct an experimental procedure through a systematic procedure that consists of the following steps: 

· getting the student familiar and know how to use the laboratory materials properly and safely, 
· show the students how to record observations in a laboratory notebook and how to describe the experiment for others, 
· how to measure and record raw experimental data and analyze data for the purposes of understanding and explaining the data, 
· represent data using equations or tables (verbal) and graphs or figures (visual),
· relate the data to the context of the hypothesis and appropriate principles, draw correct conclusion from the experiment
· For example, the measurement of the actual bandwidth of some transmission media (a component or a UTP cable). The hypothesis could be the knowledge of its theoretical bandwidth.  Some dependent parameters are the frequency, conductor material, environmental noise, length of cable, etc. The experimental method is to issue at input a wave out of a function generator with known magnitude and to measure and plot the magnitude of output signal. Linking of measured information to power and plot the corresponding bandwidth. Finally compare the measured bandwidth to theoretical one and draw some conclusion. Other typical problems can be taken from the measurement of delay according to some model in combinational circuits in logic design.  Another example is the use of hierarchical memory simulator with some predefined trace to compare the miss rate out of the simulator to that obtained trough analysis based on  knowledge of cache and line size, cache organization, LRU policy, etc.)    

· Ask the student to carry out similar experimental problems based on developing a hypothesis, carry out the experiment and document it in a lab report: define the experimental problem and hypothesis, identify the variables, establish an experimental method to measure the variables and test the hypothesis.
Assessment plan
Direct assessment:

· Use of the Lab Portfolios: Laboratory notebooks and reports in which students demonstrate their ability to conduct experiments and analyze and interpret data as: introduction, experimental, results, draw correct conclusion from the experiment, and discussion/conclusion. 
C. An ability to design a system, component, or process to meet desired needs
Outcome description

Ability to engage productively and creatively in a multi-dimensional design act that requires setting up a balance of opposing characteristics: divergent and convergent thinking, synthesis and analysis, aesthetic and utilitarian sensibilities. The process itself is flexible and recursive; that is, designers often find it necessary to skip around among the different phases of the process. 
Instructional plan
· Design is obviously an important part of engineering education for ABET which requires that all students have a productive design experience based on a fairly standard understanding of the design process. The process is to be used in courses that incorporate design procedures, but especially the capstone course.
· Teach the students to break-down a design problem into phases as:

· Project goal: establish the goal of the design project and the outcome that must be attained

· Project statement: define the project by identifying the (1) desired needs (criteria) within which the success of the outcome will be measured and (2) constraints within which the designers must work, the materials available, the kinds of expertise that are appropriate, the limitations on cost and time
· Solution alternatives: identify the alternative possibilities for achieving the outcome of the project or possibilities for finding solutions to immediate problems that come up during the process
· Solution selection: choose the best of the possible solutions by matching possible solutions to criteria. 
· Related issues: incorporate in the design process considerations of economic, aesthetic, sustainability, manufacturability, and the relevance of reliability  

· Prototyping: create a prototype or model that embodies or represents the chosen solution
· Testing: test the prototype or model against the criteria for the project with the possibility of back-tracking. 
· Discussion: choose and justify to an appropriate audience the final system, component, or process with reference to the criteria and project outcome
For example the design of an ALU: (1)  defining the outcome in terms of needed functionalities (ISA in mind), inputs, outputs, controls,  and constraints on arithmetic and logic hardware to be used, (2)  alternative solutions such as having different level of hardware sharing, algorithms for arithmetic functions, etc, (3) selection of a viable solution that satisfies the desired criteria/outcome, (4)  estimation of manufacturing cost, retail prices, packaging, sustainability, and reliability, (5) testing and revision, (6) present the final product versus the criteria and outcomes.

Assessment plan

Direct assessment:
· Design Portfolio: enforce a student design notebook for capstone projects organized as: (1) design process is outlined at the beginning, (2) keep a running log of the design processes, and (3) use the language and concepts of design to describe the steps that are used. The instructor of the capstone course can look over the notebooks periodically to get a very good idea of how the students' design project is progressing. The instructor is to develop design portfolios: final technical reports and other reports and documents related to a design project. Included with these reports and documents will be students’ design logs for each project, in which the students describe their design work according to the above components of the design process.
· Video-clips (CD): Examples of students’ design day presentations.

Indirect assessment:

· Exit interview, exit survey, alumni survey, and employer survey. 
· Use of exit survey question: “The training and practice I received at the COE has been very helpful to me in engineering design projects”. 

· Alumni survey: respond positively, after they have been on the job, to the training and guidance in design process received.

· Use of employer survey question: “The COE graduate performs productively and creatively in engineering design projects”. Achieve a positive rating from their employers regarding their ability to engage productively and creatively in the process of design

D. An ability to function on multi-disciplinary teams

Outcome description

Possess a conceptual understanding of group dynamics, that is, how to make groups work effectively. This conceptual understanding includes:

· how to create a group climate that encourages success,

· how to recognize and make effective use of power resources in group activities, and

· how to use communication strategies for dealing productively with conflict.

The term "multi-disciplinary" is troublesome in this outcome. Some departments have chosen to eliminate it and focus instead just on teamwork skills. Others have chosen to interpret "multi-disciplinary" to mean students from the same department but different sub-fields working with each other. But the "multi-disciplinary" aspect of this outcome seems to be important. Obviously ABET emphasizes it here. You may want to maintain a strict understanding of "multi-disciplinary," especially if that goal has been included in your Program Educational Objectives.
Instructional plan
· Teach in each instructional lab (especially the capstone course) some material on the conceptual understanding of group dynamics: create a group climate that encourages success, make effective use of resources in group activities, and use of communication strategies for dealing productively with conflict. Other alternatives are:
· Enforcing a course/material on training in group dynamics.
· Providing the student with training from the faculty member directing the capstone course.
· Watching a video-tape on working effectively with groups.
· Coordinate a workshop (invited speakers from some “Professional Writing and Speaking Programs” and “Student Leadership Programs”) for the students sponsored by the Student Affairs and Computer Club.
· Plan in the COE program for student active participation in long-term group projects while working cooperatively with others, accepting divergent views, encouraging active participation of others, and taking leadership roles as the need arises to accomplish the group’s objective.
· Plan in the COE program for student participation in multi-disciplinary teams to work successfully with people who are in other fields through:

· Accepting to perform a variety of functions within a group while exhibiting, respect for others and the diversity they bring,
· Accepting and incorporating, where appropriate, ideas with different perspectives,
· Explaining pertinent engineering principles and applications to people who have no training in those principles and applications but who need to make use of them.

Assessment plan

· Peer evaluations: a collection of students' assessment of their team members and their teamwork experience to be turned in after group projects and at the mid-point as well as the end of extended group projects. Students in group projects will evaluate the contributions of all the members of the group, to write an end-of-project reflection on their teamwork experience (describing it and discussing what they learned from the experience), and/or to keep a teamwork log in which they record who does what and when.
· Exit interview/survey: students will be asked questions about their teamwork experiences in their courses: whether those experiences were positive or negative, what they learned from the experiences about the skills and strategies they could employ to make group work successful, what they know about the conceptual understanding of group dynamics, and their impressions of the instruction and guidance in teamwork they received. 
· Alumni survey question: “My experience at the COE prepared me to work effectively on teams”. Respond favorably, after they have been on the job, to the training and guidance they received at the COE in working in teams. 
· Employer survey question: achieve a favorable rating from their employers regarding their “ability to work effectively in multi-disciplinary teams”.
E. An ability to identify, formulate, and solve engineering problems

Outcome description

Ability to identify engineering problems by: (1) recognizing an opportunity for change in which engineering solutions can be applied to improve on existing or anticipated conditions, (2) describing the existing or anticipated condition that creates the opportunity for change and the goal state(s) that provides the direction and end-point for change.

Instructional plan

· A fairly standard description of engineering problem solving that must present a process that the instructor can teach and students can learn. This outcome should be progressively introduced in early engineering-oriented courses. The instructor needs to develop some student proficiency at defining, analyzing, representing, and finding solutions to engineering problems.
· Teach the definition and identification of engineering problems through the following steps:
· Recognizing an engineering problem: an opportunity for change in which engineering solutions can be applied to improve on existing or anticipated conditions; and

· Defining an engineering problem: describing, in concrete and specific terms, the existing or anticipated condition that creates the opportunity for change and the goal state(s) that provides the direction and end-point for change.
· Asking and answering certain questions to make the problem more solvable: 

· Is there sufficient information to solve the problem, and if not what else to know and how to find it? 
· Is there extraneous information pertaining to the problem that it can be dismissed? 
· Are there any items in the problem that could be better understood by quantifying them? 
· What are the key terms of the problem and how they be defined?
· Teach the analysis of engineering problems by isolating and describing:
· The important components (design specifications, availability of materials, performance requirements, testing standards, etc.)

· The information known from previous experience that is relevant to the problem or from a search of the pertinent engineering literature, patents, standards, etc.
· The problem unknowns
· Teach the representation (formulation) of problem components in a way that leads to the construction of a solution in a more efficient and effective way like a visual representation: a model, flow-chart, diagram, or table. This visualization should represent the components of the problem in a way that leads to the construction of a solution.

· Teach the incorporation in the design process of considerations of economic, aesthetic, sustainability, manufacturability, and the relevance of reliability.

Assessment plan

· Engineering portfolios: samples of problem sets and student brainstorming notes from homework, tests, or project reports in which students show their ability to creatively solve engineering problems. These samples should exhibit student proficiency at defining, analyzing, representing, and finding solutions to engineering problems.

· Alumni survey: respond favorably to the training and guidance they received at the COE in “solving engineering problems” or “has been helpful in identifying, formulating, and solving engineering problems” on the job

· Employer survey question: achieve a favorable rating from their employers on the question “COE graduates are good at identifying, formulating, and solving engineering problems on the job” or “they are able to solve engineering problems”.
F. An understanding of professional and ethical responsibility

Outcome description

An understanding of ethical responsibility of a design project by identifying the project ethical issues, find ethical criteria related to the project, incorporate the criteria in the justification of the final outcome of the project, and an ability to maintain an optimal balance between the contending forces of utility, cost, and risks.

Instructional plan
· The instructor is to focus on the student (personal) professional and ethical responsibility by describing student responsibility in terms that are teachable and measurable. The focus in this outcome is more on the ethical aspect of this responsibility. The instructor needs to help students to think through the ethical dimensions of a design project. Students may be asked to include this ethical component in the written and oral presentations of their designs. 

· The instructor needs to describe the professional and ethical standards currently used in computer engineering professional organizations. One way is to include an ethical component in the capstone course (COE 400). 

· Teach the ethical responsibility applied to a typical computer engineering design project:
· Knowledge of professional codes  of ethics such as the NSPE (National Society of Professional Eng.) code,
· Identify the ethical issues pertinent to a project,

· Generate ethical criteria related to the project,
· Incorporate those criteria in the justification of the final outcome of the project,
· Argue effectively for the responsibility of the engineer for that particular design project in maintaining the optimal balance between the contending forces of utility, cost, and risks.
Assessment plan

· Portfolios: samples of papers or presentations in which students present a case that is ethically and professionally ambiguous. The students should show that they can reason through the relevant ethical and professional issues and make arguments for maintaining the optimal balance between the contending forces of utility, cost, and risks.

· Alumni survey question: respond favorably to the “preparation in professional and ethical responsibility” they received at the COE or “My engineering education at the COE was beneficial in helping me to develop a solid understanding of the professional and ethical responsibilities of an engineer”

· Employer survey question: achieve a favorable rating from their employers regarding their “professional and ethical responsibility” or “I would describe the COE graduate as exhibiting a high degree of professional and ethical responsibility in his work as an engineer”
G. An ability to communicate effectively

Outcome description
Ability to act as an effective communicator both orally and written by (1) describing the context and significance of a problem, (2) summarize and synthesize work, (3) describing clearly and precisely the procedures used to solve the problem, (4) reporting both verbally and visually the findings, (5) interpreting the findings for the audience, and (6) recommending a persuasive solution to the problem. 
Instructional plan

• Teach the forms of discourse (both oral and writing) appropriate to the profession of engineering: professionally appropriate laboratory report, progress report, and technical report using the following style:

· Introduction: describing the  institutional and/or technological context of a problem and the significance of that problem within that context 

· Methods: describe clearly and precisely the procedures used to solve the problem 
· Results: reporting both verbally and visually (graphical, diagram, etc.) the findings or results;

· Discussion: interpreting the findings in a way that is appropriate to the audience 

· Conclusion: proposing recommendations for a solution to the problem and justify that solution persuasively
• Teach how to summarize technical material in a way that is appropriate to a particular audience and synthesize their own work and the work of others (references) in the form of abstracts, executive summaries, and literature surveys.

• Teach communication techniques and behavior for obtaining productive employment: writing of résumés, letters of application, and perform capably in a job interview situation. Also the ability to write competent memos, letters, e-mail messages, proposals, and various reports (progress, personnel, maintenance, sales, trip, etc.) and give effective oral presentations to a variety of audiences
Assessment plan

· Portfolios: A collection of student engineering reports, including lab reports, proposals, progress reports, and technical reports. Portfolio should include exhibits of students’ ability to summarize technical material: abstract, executive summaries, and literature reviews.
· Portfolios: Samples of documents showing that students can communicate successfully for obtaining and maintaining employment.

· Video-clips: Examples of students’ design day presentations.

· Exit surveys/interviews: Students will be asked questions about oral and written communication: how confident they are in their preparation to perform capably on the job, their understanding of the kinds of writing and speaking they will be asked to do as professional engineers, the quality of guidance and instruction they received in writing and speaking.

· Alumni survey question: “What I learned at the COE prepared me well for the kinds of writing and speaking that I do at work”
· Employer survey question: “I would give the COE graduate a high rating on his or her ability to communicate effectively on the job”
H. The broad education necessary to understand the impact of engineering solutions in a  global and societal context

Outcome description
Ability to interpret the engineering solutions with respect to their political, economical, environmental, communication, and aesthetic aspects both in (1) societal or community (more micro context), and (2) global or multi-national (more macro context).
Instructional plan

· Normally covered through the (1) humanities and social science content, (2) a variety of presentations, videos, case studies, and other materials that are added to the seminar and capstone courses, and (3) international experiences.
· Teaching the analysis of the impact on engineering projects of global and societal context.
· Instructor may include related material in the design projects and ask students to reflect upon the impact of their engineering projects in a wider context.
Assessment plan

· Express satisfaction, upon completion of the major design project, to a set of questions that ask students to reflect upon the impact of their engineering projects in a wider context.
· Exit survey/interview: Seniors will be asked questions about their “understanding of the global and societal context of engineering and the extent to which their education at the COE has contributed to that understanding”. They will also be asked what recommendations they have for enhancing their education in a way that they could improve their understanding the broader context of engineering.

· Alumni survey question: “My educational experience at the COE, both formal and informal, helped me to develop a good understanding of 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

Outcome description
Ability to use the critical information-seeking tools that enable engineers to continue to:  (1) stay up to date in their profession, and (2) actively involved in the profession. 

Instructional plan

· Teach systematic approaches (cases studies and others) to develop independent learning: 

· an awareness of what they need to learn, 

· following a learning plan, 

· identifying, retrieving, and organizing information, 

· understanding, remembering, and applying of new information 

· critical thinking skills (memorize and apply facts, formulas, theories, etc)
· reflect on own understanding (modify mental strategies for better understanding)

· Teach the students the use of critical information-seeking tools for engineers to allow them to stay up to date in their profession: internet resources, engineering journals, national and international patent materials, standards, etc.

· Teach the students to stay actively involved in their profession through: membership in an engineering society, achievement and maintenance of technical registration for engineers, involvement in continuing education, etc.

Assessment tools
· Portfolios: Samples from homework or projects that demonstrate students’ ability to use the information-seeking tools of engineering.

· List of student members of IEEE or Computer Club: percentage of students who have a membership in above organizations.

· Exit interviews/surveys: Students will be asked about their perception of the value of life-long learning and their plans to pursue life-long learning related to their professional field. 

· Alumni survey question: Express both a full appreciation for the need for and the motivation to pursue further education and training, both engineering and otherwise, over their lifetimes. Show that they have continued to seek opportunities for further education and training, both engineering and otherwise.
J. A knowledge of contemporary issues

Knowledge of contemporary issues through case studies of: (1) the context for understanding the major socio-economic questions, and (2) the relevant political issues at the national and regional levels.

Instructional plan

· Contemporary issues can be addressed from humanities, social sciences, and those areas that combine one or more fields of study, such as science, technology, and society.

· Teach case studies recognizing consequences of the major socio-economic issues such as global warming, over population, depletion of natural resources, energy and water supplies, nuclear waste and proliferation, environmental pollution, disease, trade, human rights, etc.

· Teach relevant political issues at the national and regional levels.
Assessment plan

· Student transcripts: Transcripts should show that students have taken a variety of courses concerned with contemporary issues and/or the context for understanding those issues.

· Alumni survey question: “The courses I took at KFUPM have given me a good foundation for understanding the contemporary social, political, aesthetic, and technical issues that surround me”

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

The ability and skills of using: mathematical analysis, a working knowledge of a modern programming language, conventional bench testing equipment, and various applications packages. 

Instructional plan

· Generate a list of modern engineering tools that is appropriate to your field (OPNET, SPICE, processor simulators, CAD tools, etc.) and the skills that students must have to be effective as professionals. Identify the critical tools and skills for each program area:

· software they should be able to manage 
· special knowledge they do need
· particular techniques they must master
· professional attributes they should they exhibit
· Teach and enforce the use of identified engineering tools to develop skills in the use of mathematical analysis and the ability to write programs and to use conventional bench testing equipment.
· Develop skills in the working knowledge of a modern programming language and the ability to use a variety of modern engineering tools (applications packages) in their discipline and understand their purposes and limitations, when it is appropriate to use them and when it is not.
Assessment plan

· Portfolios: Samples from student work that demonstrates their ability to use mathematical analysis and conventional bench testing equipment and write programs.

· Computer files: Electronic copies of student work that demonstrates their working knowledge of a modern programming language and their ability to use, appropriately and efficiently, applications packages.
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