Assessment of Student Outcomes -- Electrical Engineering
CRITERION III. STUDENT OUTCOMES 
A.
Student Outcomes
The student outcomes, listed below, are the same as the (a) through (k) Student Outcomes. They are listed on the department web site (http://www.ee.cooper.edu); also all faculty in the workgroups are provided copies of these outcomes. They are also listed in the

2012 EE Program ABET Self-Assessment volume, which is available in the Department Chair’s office for review by EE faculty.

The Student Outcomes are:
(a)
an ability to apply knowledge of mathematics, science and engineering

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

(c)
an ability to design a system, component or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability

(d)
an ability to function on multidisciplinary teams

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

(f)
an understanding of professional and ethical responsibility

(g)
an ability to communicate effectively

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

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

(j)
a knowledge of contemporary issues

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

B. Student Outcomes
B.1 Assessment Processes
In this section, several assessment processes for each of the student outcomes are listed. Each is identified as direct or indirect form of assessment, and the frequency in which the data or relevant materials are collected is indicated. Assessment is done in a holistic manner. For example, student performance in courses informs the assessment of all objectives and outcomes. Indicated here are the primary assessment tools, that is, those most directly associated with the respective outcomes. In each case, a minimum of two direct and one indirect assessment process is identified.

It should be noted that all courses cited in this section are required across all tracks. Of course, the track-specific courses also provide useful information for assessment, and they are certainly considered by the various faculty workgroups as well as the department as a whole. However, the department ensures that attainment of all student outcomes is achieved regardless of track selection or other variations in the curricula taken by individual students. This is accomplished by placing the primary set of assessment processes in the common set of courses, and using the track-specific courses (and electives) to provide secondary (supplementary) assessment information.

Program Outcome (a): an ability to apply knowledge of mathematics, science and engineering.
 
Student Work: (direct) The homework, exams and other course materials that will be available for on-site review clearly demonstrate how students apply

advanced mathematical, scientific and theoretical engineering principles to solve electrical engineering problems. Indeed, the level of theory in the required electrical engineering lecture courses is on par with the advanced project experiences of our students.  Frequency: Each semester.

 
The Nature of Senior Projects: (direct) A significant number of senior projects require applying knowledge of various fields of mathematics, science or engineering outside of electrical engineering proper. A number of projects are

research related. Frequency: Each year.

 
Questionnaires for Audience at Final Senior Presentations: (indirect) The invited guests evaluate the technical quality of the student projects, which reflects on this outcome. Frequency: Each year.

Program Outcome (b): an ability to design and conduct experiments, as well as to analyze and interpret data.
 
Junior Projects: (direct) In the junior projects sequence (ECE193/194), students must design circuits and systems to meet specifications. They must measure the performance of their designs, and demonstrate performance both qualitatively (e.g., display on oscilloscopes) and quantitatively (measure system performance parameters and record their findings in the project reports). The success of

meeting this objective is evident in the student project reports, which will be available for on-site review. Frequency: Each year.

 
MATLAB Assignments: (direct) In several required courses (e.g., ECE111

Signal Processing, ECE101 Communication Theory, ECE114 Digital Signal Processing) students employ MATLAB to perform computations, design filters and other algorithms to meet specifications, and perform simulations or other scientific investigations. Issues such as finite-precision effects and statistical analysis (e.g., measurement of variance and correlation) are considered, as well as proper techniques for scientific visualization (for example, the graphs produced

by the students must clearly illustrate the phenomena of concern). Students must discuss “what went wrong” when standard design procedures fail to give reasonable results, or how well methods of approximation and system modeling work. Portfolios of such student work will be available for on-site review. Frequency: Each semester.

 
Exit Survey and Alumni Survey: (indirect) Both surveys contain questions relating to “The ability to use the available technology in your area of
expertise”, “The ability to effectively handle information resources, to collect and interpret data,” and the responses are considered relevant to this outcome. Frequency: Varies from one to several years.

Program Outcome (c): an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability.
 
Senior project demonstrations: (direct) The end-of-year public senior project presentations are mandated to include a demonstration of the project and an

evaluation of results. The grade for ECE196, the second semester of the senior project sequence, is based in part on the achievement of a “functioning system” (a direct quote from the catalog course description). The projects must be clearly associated with real-world standards and constraints. Conceptual projects, or those that do not meet stated practical goals and project scope, are not acceptable. In nearly all cases, the students do achieve a functioning system. Frequency: Each year.

 
First year engineering design projects (in EID101 and ECE150): (direct) In the general engineering design course (EID101), students must address the technical study, planning and design for an engineering project, including

consideration of realistic constraints, in their very first semester of study.  In digital logic design (ECE150), by the end of the semester, students undertake projects of some complexity, optimized with respects to constraints such as minimum logic resources and resilience to component imperfections (e.g., contact bounce); their designs are documented in professional written reports. Comparison of projects in these courses with capstone senior projects are made during the assessment process.  Frequency: Each year.

 
Questionnaires for Audience at Final Senior Presentations: (indirect) The invited guests evaluate the extent to which the students successfully addressed realistic constraints in their projects. Frequency: Each year.

Program Outcome (d): an ability to function on multi-disciplinary teams.
 
EID101 (first year engineering design) team presentations: (direct) In the first semester of the first year, students from different engineering majors work on

team projects in EID101.  Samples of written and recorded oral presentations are available for on-site review. Frequency: Each year.

 
Project Management Materials from Senior Projects (ECE195/196): (direct) Seniors are required to work on teams (two to four students) on their projects, sometimes including students from other engineering majors, or working collaboratively with outside institutions. Students following the different tracks are not segregated in the senior projects (nor in the junior projects sequence), but instead they are expected to work in concert (e.g., software and hardware experts). They are required to prepare various project management materials, such as schedules and budgets; students serve as project leaders on a rotating basis. The course grade is based, in part, on this aspect of the project effort. Samples of associated written materials are available for review on-site. Frequency: Each year.

 
Team programming assignments using MATLAB (ECE111, ECE101, ECE114): (direct) A portion of the grade in a number of required courses, including ECE111 (Signal Processing), ECE101 (Communications), ECE114 (DSP), is based on various assigned problems that require using MATLAB. Students work in teams of two or three.  Samples of MATLAB code and results written by student teams are available for review on-site. Frequency: Each year.

 
Participation in Summer Internships or Research Projects: (indirect) The Office of Career Services provides information about students or recent graduates that have summer internships that inevitably involve working in project teams.

In addition, a number of students work on team projects with faculty, often through the C. V. Starr Foundation. Frequency: Each year.

Program Outcome (e): an ability to identify, formulate and solve engineering problems.
 
ECE194 Junior Project Designs: (direct) The grade for ECE194, the four credit projects course taken in the spring of the junior year, is based in part on laboratory demonstrations and descriptions of a complete functional system. The project is defined by the instructor in an open-ended fashion (for example, performance specifications but not the particular circuit configurations are

given), and students are expected to combine basic circuit blocks to form more complex, complete systems. The instructor, in effect, administers an oral examination to the students when they demonstrate their functional systems. Written reports on these open-ended design projects are available for on-site

review. Frequency: Each year.

 
Prize-Winning Student Designs: (direct) Prize-winning student papers based on actual design projects (not “concept” papers), or conference papers that have been accepted for publication, are tracked. The student teams clearly identify the problems they are addressing, and describe their solutions clearly and

convincingly, as evaluated by contest judges or conference reviewers.

Frequency: Each year.

 
Alumni Survey: (indirect) Several questions are related to how well the alumni feel they were prepared in ways that correlate to this outcome: “Knowledge of your field, ” “The ability to use the available technology in your area of expertise,” and “The ability to think creatively.” Frequency: Varies from one to several years.

Program Outcome (f): an understanding of professional and ethical responsibility.
 
Workshops in the Professional Development Seminar Series (ESC000.1 through ESC000.4): (direct) Several workshops in the professional seminar series taken by all engineering students during their first four semester of study cover topics such as ethics, sustainable engineering (the latter coordinated by Prof. Cumberbatch of the electrical engineering department), labor law and relations, and licensure. Students participate in workshops, and associated materials will be available for on-site review. Participation in the seminars is mandatory, although no credit is assigned, and it is stamped on the students’ transcripts. Frequency: Each semester.

 
Senior Projects: (direct) The senior project reports and presentation typically address this outcome. For example, students must properly cite references in their report, and they describe their failures as well as successes during the final presentations. They must honestly assess what they achieved, for example, how well (qualitatively and quantitatively) their project performs. This will be

evident in the project portfolios available for on-site review. Frequency: Each year.

 
Exit Survey and Alumni Survey: (indirect) Questions relevant to this outcome include “an appreciation of humanistic values” and “a commitment to social responsibility.” Responses to these questions are indicators of the extent to which these issues are brought out in their studies at The Cooper Union. Frequency: Varies from one to several years.

Program Outcome (g): an ability to communicate effectively.
 
Written reports in projects courses: (direct) Sample of written reports prepared by students in various required projects courses, from the freshman year through the senior year, will be available on-site for review. A significant portion of the course grades in the associated courses (EID101, ECE150,

ECE193/194/195/196) are based on these written reports. Technical documents as well as written materials associated with project management, and reports of varying lengths, from short summaries or abstracts to complete senior theses, are included in these materials. Frequency: Annual.

 
Course Assignments Involving Simulation and Design Using Scientific
Computing and CAD Tools: (direct) In a number of required courses (ECE111

Signals, ECE101 Communication, ECE114 DSP, ECE142 Electronics II), sophomores and juniors either use CAD tools (e.g., Spice) or write programs in scientific computing packages (e.g., MATLAB) to perform designs or simulations. The readability and documentation of the code, the presentation

and discussion of results in the submissions reflect on the students’ ability to communicate their solution to problems of some complexity. Frequency: Each semester.

 
Prize-Winning Student Presentations: (direct) Prize-winning student papers, and conference papers reflect on the ability for students to communicate effectively. Frequency: Each year.

 
Questionnaires for Audience at Final Senior Presentations: (indirect) The invited guests evaluate the quality of the student presentations. Frequency: Annual.

 
Student Critiques of Other Presentations in Senior Projects (indirect): Students comment on their peers’ presentations at various points through the senior project sequence (ECE195/196)..These comments reflect on the critical thinking students apply to communication. Frequency: Annual.

Program Outcome (h): the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental and societal context.
 
Workshops in the Professional Development Seminar Series (ESC000.1 through ESC000.4): (direct) As described in the self-study report, the seminar series is required for all students in their first four semester, and includes a number of workshops on ethics and related topics. The portfolios of materials that document student activities in these workshops are available for on-site review. Frequency: Each semester.

 
Considering Engineering Impact in Design Courses in the First Year (EID101) and Senior Year (ECE195/196): (direct) Student project teams discuss their projects in broad contexts. This is evident in the written and oral presentations in their project portfolios, which are available for on-site review. In addition, a number of seniors elect to undertake projects that, by their nature, are strongly related to the impact of engineering solutions in a broad context. Frequency: Annual.

 
Selection of Non-Technical Electives (indirect): The department tracks the breadth of non-technical electives taken by students, by tabulating results from curriculum checklists submitted by students. Categories include additional humanities and social science electives (beyond the minimum requirement), management, art and architecture. Frequency: Annual.

Program Outcome (i): a recognition of the need for, and an ability to engage in life- long learning.
 
Number of Students Pursuing Graduate Studies Immediately Upon Graduation, and those Participating in Research Oriented Internships and Projects while Undergraduates (direct): The Office of Career Services collects information on graduating seniors. The department also notes students that participate in research projects with faculty (for example, through the C. V. Starr Foundation) or who are summer research interns at other institutions. Frequency: Each year.

 
Performance on a Specific Test Question in ECE114 DSP:- General Forms of the Fourier Transform: (direct) Here I take the opportunity to demonstrate a

“small” way assessment of outcomes is interwoven in the curriculum. In ECE114 DSP (a junior level required course), there is a question on one exam with significant point value in which students must write formulas and derive results regarding a form of a Fourier transform they have not seen before, based on general principles they have learned; examples from such applications as medical imaging, digital video and sensor arrays are used. The median score on the question is computed, and tracked across years.  Frequency: Each year.

 
Independent Technical Reading Assignments:  In a number of courses, including ECE194 (spring junior projects), ECE195/196 (senior projects), ECE103 (communication networks, required for juniors), student perform technical readings. In ECE194/195/196, independent learning is required for the design projects, and is reflected in written reports.  For ECE103, students read technical articles assigned by the instructor and demonstrate comprehension through written reports or exams. Frequency: Annual.

 
Tracking Advanced Technical Electives Taken by Students: (indirect) Most electrical engineering electives, especially those at the graduate level, require independent technical readings, and either incorporating those readings in projects or preparing presentations of the contents of the articles. Through curriculum checklists, the number of students who take courses of this nature is tracked. Frequency: Each year.

Program Outcome (j): a knowledge of contemporary issues.
 
EID101 (first year engineering design) Student Portfolios: (direct) The projects undertaken in EID101 are specifically targeted towards the issues of

concern in this program outcome. Portfolios of student work, available for on- site review, demonstrate that students are aware of these issues and begin to understand their relation to engineering design from the outset. Frequency: Each year.

 
Senior Projects Topics and Project Portfolios: (direct) The nature of senior project topics is reviewed with respect to this outcome. For example, the number of projects related to bioengineering applications, novel energy sources

or sustainability, and other emerging technologies and contemporary issues is noted. In any event, the extent to which students address such issues, considering the potential societal benefits of their project, for example, is evident in the project portfolios, which are available for on-site review. Frequency: Each year.

 
Exit Survey and Alumni Survey (indirect): Responses to questions such as “An awareness and understanding of other cultures, ideas, concepts and work methods,” “a commitment to social responsibility,” and “an appreciation of humanistic values” indicate the extent to which students believe the program emphasizes such issues. Frequency: Each year.

Program Outcome (k): an ability to use the techniques, skills and modern engineering tools necessary for engineering practice.
 
MATLAB assignments in Several Required Courses: (direct) A number of
MATLAB assignments are given in several required courses (sophomore level ECE111 Signals and junior level ECE101 Communication and ECE114 DSP). Students are required to submit the code, not just computed results or graphs, and the grade is based on the quality of the code (computational efficiency, accuracy, proper handling of finite-precision effects, etc.) and not just the results. Also, some problems are intentionally given where “standard design methods” fail, and students need to “tweak” the specifications to obtain reasonable results. Frequency: Each semester.

 
Use of circuit simulation software and other CAD tools in junior and senior courses: (direct) Students are expected to use a variety of appropriate CAD tools (such as Spice) in the junior and senior projects courses (ECE193/194/195/196), and in ECE142 (Electronics II).  Frequency: Each semester.

 
Exit Survey and Alumni Survey: (indirect) The question was about “The ability to use the available technology in your area of expertise” indicates the extent to which students believe they are prepared with respect to this outcome. Frequency: Each year.



