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Abstract ( Engineering Criteria 2000 requires faculty to define objectives for engineering programs, define and implement assessment processes to measure student knowledge and skill, and identify processes where feedback is used to achieve continuous quality improvement of instruction and learning.  As part of the preparation for an accreditation visit under the new criteria, faculty in the Mechanical Engineering Department at the University of Idaho partnered with doctoral students in the Assessment and Evaluation Center at Washington State University to review the technical elective component of the undergraduate curriculum.  This paper describes the process undertaken by the clients and evaluators in designing, implementing, and conducting the evaluation.  Lines of inquiry that were used to collect data from faculty, advising staff, undergraduate students, graduate students, and alumni are provided along with lessons learned from the process.  Partnerships, such as the one described in this study, provide rich opportunities for graduate students to apply foundational knowledge of participant-oriented evaluations in the field, and also yield a triangulation of data from multiple constituents that can enrich decision-making concerning programmatic improvements.
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Introduction

Systematic evaluation of all critical program elements is problematic for faculty engrossed in day to day instruction as well as research activities required for tenure and promotion.  When this situation is coupled with a lack of resources to hire a professional evaluator, administrators and accreditation coordinators usually assume this responsibility, even though they do not have the time or expertise to conduct a rigorous evaluation [1,2].  Elevated expectations surrounding the Engineering Criteria 2000 recently adopted by the Accreditation Board for Engineering and Technology (ABET) places many engineering programs in this compromising position [3].  Graduate student projects in the College of Education can offer high quality evaluation results with minimal cost.

Doctoral candidates in student assessment and program evaluation are often required to participate in semester-long independent study internships.  In addition, many College of Education graduate students engage in several evaluation projects to fulfill requirements for various qualitative research courses.  It is difficult for these students to find substantive evaluation topics close to campus.  Partnership with departments preparing for accreditation visits offers a rich context for practicing program evaluation and qualitative research skills.

During the last three years faculty in the Mechanical Engineering Department at the University of Idaho have collaborated with faculty and graduate students in the Assessment and Evaluation Center at Washington State University.  This collaboration was fostered by the Transferable Integrated Design Engineering Education Consortium (TIDEE) that has focused on the implementation of valid, reliable instruments for assessing design capabilities [4,5].  This interaction led to discussion about expanding collaboration between the College of Engineering and the College of Education to support preparation for an upcoming ABET accreditation visit.  A mechanical engineering professor acted as a sponsor for the evaluation and suggested the Technical Elective portion of the program as a potential topic for the evaluation.  A faculty member associated with Assessment and Evaluation Center served as a mentor to the two graduate students involved in this independent study project.

Evaluation Methodology

The sponsor facilitated an initial meeting with the ME department chair and ME ABET committee.  The purpose of this meeting was to identify the evaluation topic, define the scope and boundaries of the evaluation, and orient the ME faculty to the methodology that could be used.  The committee determined that the technical elective area was an appropriate target for assessment.  Sustainability of a full complement of elective courses was in question because of changing industry demands, low enrollment in some offerings, and anticipated downsizing of the department because of budget cuts. 

A participant oriented methodology was adopted for this evaluation [6,7].  This consisted of six steps.

1. Select a research problem or question.

2. Select a case or subject(s) to study.

3. Gain entry/access to the facility.

4. Collect data following evaluation standards.

5. Code and analyze results.

6. Prepare and present a final report.

The Mechanical Engineering Chair and ABET committee endorsed this approach and agreed that the evaluation should be limited to technical electives only in the Department of Mechanical Engineering.  However, they were interested in collecting data from a variety of stakeholders.  These included on-campus ME faculty, off-campus ME faculty at the residence centers in Boise and Idaho Falls, students, and alumni.  The specific research question posed by the clients and refined through discussion was:

How can the technical elective program be changed to increase student satisfaction, meet Mechanical Engineering Department educational objectives, and be cost-effective?

Next, the clients and evaluators brainstormed lines of inquiry.  After some iteration, the team reached consensus on questions for faculty interviews, student focus groups, and alumni surveys.  Questions for each audience are given in Tables I and II. 

TABLE I

QUESTIONS FOR FACULTY INTERVIEWS

______________________________________________

1. What are the purpose/goals of the technical elective courses in ME?

2. What are the strengths and weaknesses of the departmental technical electives/graduate courses?

3. Should we consider grouping technical elective courses into specific clusters?  If yes, how and why?

4. What efforts could be used to market technical elective courses?

5. How are faculty selected to teach technical elective courses?  Are these assignemnts fair?  What changes could be made to this protocol?

6. Are technical electives offered in the appropriate sequencing in the overall ME curriculum?

7. With the current limited resources, what ideas could be implemented to better meet student expectations of technical elective courses?

______________________________________________

TABLE II

QUESTIONS FOR FOCUS GROUPS AND ALUMNI 

______________________________________________

1. What are the purpose/goals of the technical elective courses in ME?

2. What technical electives are most valuable to you?

3. What criteria do you use in selecting technical elective courses?

4. Should technical electives include courses from other departments?  Why?

5. Describe your approach to studying in technical elective courses as compared to core courses.

6. What ideas can be implemented to meet student expectations of technical elective courses?

______________________________________________

Interviews included 10 on-campus and 2-distance faculty.  Focus groups invovled 10 undergraduate and 9 graduate students.  The same questions posed to the focus groups were mailed to 14 ME alumni.  ME faculty provided names and addresses of alumni to the evaluators at the request of the Department Chair.  The Chair also notified ME faculty at all locations that the evaluators would contact them to schedule interviews. ABET committee members recruited students and scheduled rooms for focus group sessions.  Distance faculty interviews were conducted over the telephone.  

The evaluators audiotaped  all the 1-hour interviews and focus group sessions.  Informed consent forms were provided to all participants by the evaluators.  Surveys forwarded to alumni included a cover letter, the informed consent form, and a questionnaire.  To validate the accuracy of collected data, transcriptions of audiotapes were emailed to the respective participants for review and editing.  The responses from interviews and focus groups were consolidated and coded to identify trends, program strengths, and areas for improvement.

Results of the study were forwarded to the supervisor in the Assessment and Evaluation Center at Washington State University as well as the Mechanical Engineering ABET committee at the University of Idaho.    

A special meeting involving the students, the supervisor, and the ABET committee was convened to provides edits and clarify interpretations.  The entire ME faculty also had an opportunity to review and comment on the final report prior to a presentation of results and recommendations in a general faculty meeting.


Technical Elective Findings

When asked what should be the purposes/goals of technical elective courses in Mechanical Engineering, faculty respondents voiced opinions in two categories: the purposes in terms of their benefit to faculty and the purposes of  their benefit to students.  The three most frequent responses about the benefit to faculty were to (1) recruit graduate students, (2) stay abreast of current literature, practices, and technologies, and (3) teach courses that align with their personal research interests.  The four most frequent responses about the benefit to students were to (1) provide opportunity to learn more about special interest areas, (2) train students for graduate school, (3) expand depth/breath of engineering knowledge, and (4) increase marketability for jobs.  

By a wide margin, faculty did not favor grouping technical electives into specific clusters.  However, most faculty indicated that clustering could give students stronger preparation in areas highly valued by industry.  Three faculty indicated that an electro-mechanical cluster would be extremely useful for some students, and that this cluster would necessarily have to include courses in Electrical Engineering.  Most of those in favor, however, did offer caveats that clustering must be done carefully, artfully, and in such a way that student options were not unduly restricted.  Several faculty pointed out that clustering is moot since students can easily cluster the courses in a perceived area of speciality with the help of their advisor.  

Two issues emerged when faculty were asked to consider how to market technical electives to students.  One category of responses involve how to best inform students about the content and applicability of each course.  The other category centered on how to determine which technical electives were in greatest demand and how these can be offered within the constraints of faculty resources.

In the first category, most faculty respondents believed that in-class presentations/discussions led by professors familiar with the content and applications of technical elective courses would be an excellent way to inform students. Four faculty believed that the responsibility for marketing and explaining the relevance of technical electives should fall to the student’s advisor.  

In the second category, nearly half the faculty respondents felt that students need to have more advance notice of course offerings.  Juniors were identified as the primary audience for this information.  Several faculty felt that a three-year plan is needed to  communicate technical elective intentions and recruit Engineering Outreach students to bolster enrollments.

Several faculty concerns were evident in the question about the sequencing of technical elective courses. Many students take all three of their technical elective courses during the Spring semester of their senior year.  A majority of faculty offered the opinion that this situation is not ideal.  Most respondents felt that the current configuration created a “bottleneck” that restricted the choices to whatever was offered that particular semester.  The same respondents pointed to the requirements leading up to the senior capstone design project as creating a “funnel” of pre-requisite and co-requisite courses, necessarily relegating technical elective courses to the last semester of the senior year.  Seven faculty members felt that some adjustments could be made so that the requirements of the senior capstone coruse could be loosened, without jeopardizing ABET accreditation requirements.  A majority of faculty felt that juniors would be perfectly capable of handling technical elective courses, provided that they had taken the prerequisites.  One faculty member voiced concern about students taking technical electives, fearing that students might lose the focus needed to complete their core classes.

A majority of faculty respondents also would like students to have the option of taking at least one technical elective course in an area outside mechanical engineering, thus revising an option that previously existed in the ME curriculum.  However, most faculty felt that this technical elective should not be completely open.  Recommended course areas from other departments included engineering economics, electrical engineering, math, physics, chemistry, computer science, and metallurgy.

Undergraduate, graduate and alumni agreed on five purposes for technical elective courses.  These included (1) focusing on specific topics of interest to students, (2) adding depth and breadth of engineering knowledge, (3) increasing marketability, (4) exploring possible research areas for graduate school, and (5) applying concepts as well as principles learned in core courses.

When asked how they selected technical electives, focus group respondents and alumni felt that the reputation of the professor teaching the course and alignment of the course with a potential research area of interest were the primary factors.  Undergraduate students noted that the course had to mesh with their last semester schedule and appeal to prospective employers.  Students and alumni reported that while technical electives provided background on possible research areas for graduate education, these courses were not the primary motivator in going to graduate school.    

Both undergraduate and graduate students opposed grouping technical elective courses into clusters because this would eliminate any diversity in their choice of courses.  A majority of alumni, on the other hand, favored clusters if they did not severely restrict options available to students.  They also felt a key ingredient of the cluster concept was canvassing industry about perceived competency gaps and workplace needs.

All focus group and survey participants endorsed the proposition of taking technical electives from other engineering departments.  Interest was cited in courses in metallurgy, electrical engineering, project management, total quality management, and communication.  Students and alumni asserted that such diversity would give a greater feeling of control in choosing their coursework and speculated that additional choices may be a retention tool for the ME department. 

Students and alumni had several interesting suggestions for retaining and improving the technical elective component of the mechanical engineering program.  Areas for improvement included a 1-3 year advance notice of offerings.  Students listed instructor presentations, web page announcements, and email as the order of preference for notification.  Finally, focus group participants felt that organizing four- and five-year undergraduate mechnical engineering curriculum sheets could provide additional flexibility for both faculty and students.  The four-year plan would be more restrictive with the current focus on the senior capstone project and associated pre- and co-requisites.  The five-year plan could permit enrollment in technical electives far earlier in the curriculum, without degrading student prepartion. 

Based on balanced consideration of faculty, student, and alumni feedback, the evaluation project offered the suggestions in Table III for improving Mechanical Engineering technical elective offerings.  Nearly all respondents believed these suggestions would not compromise accreditation requirements or diminish the value of the senior capstone experience.  Indeed, many of these recommendations have been implemented during the last academic year.

One additional, unintended outcome of the evaluation was the discovery of the stellar reputation faculty and staff have with University of Idaho students and graduates working in industry.  Unequivocally, students and alumni expresssed a genuine warmth and appreciation to the Mechanical Engineering faculty and staff for their dedication, quality of instruction, and indefatigable devotion to providing the highest standards and quality educational experience possible.  Engineering Outreach staff contributed similar comments.

TABLE III

IMPROVEMENTS SUGGESTED BY THE STUDY

______________________________________________

· Add flexibility in the selection of courses by disseminating both four- and five-year plans for attaining a degree.

· Publicize a three-year schedule for technical electives on the departmental web site.

· Make students aware of upcoming offerings so that they can make more informed decisions in selecting technical electives by providing an annual seminar for juniors. 

· Permit students to take technical electives in the junior and senior year by loosening core requirements for the senior capstone project.

· Expand technical elective options available by allowing students to take faculty approved electives outside the Mechanical Engineering Department.

· Provide more on-campus facilitation (graders, proctors, textbook support, and web support) for courses delivered by distance faculty in Boise and Idaho Falls.

· Boost enrollment in many technical elective courses by following a three-year shedule of courses available for Engineering Outreach Students.

· Identify emerging technical elective topics by surveying industry representatives about the needs of the job market. 

______________________________________________

Analysis of Evaluation Quality

The final report analyzed the project against widely accepted program evaluation standards[8].  These standards treat multiple factors  related to utility, feasibility, propriety, and accuracy.  Utility standards are intended to ensure that an evaluation will serve the information needs of intended users.  Feasibility standards are intended to ensure that an evaluation will be realistic, prudent, diplomatic, and frugal.  Propriety standards are intended to ensure that an evaluation will be conducted legally, ethically, and with due regard for the welfare of those invovled in the evaluation, as well as those affected by its results.  Accuracy standards are intended to ensure that an evaluation will reveal and convey tehcnically adequate information about the features that determine worth or merit of the program being evaluated. 


Evaluation standards were fully met in the areas of utility, feasibility, and accuracy.  Standards were partially met in the area of propriety only because agreements between clients and evaluators were informal rather than formal and the evaluators were not anonymous.  Given the twin goals of the evaluation, these are probably advantages rather disadvantages.  Student evaluation topics should intentionally be ‘low stakes’ and should be conducted as a ‘good faith effort’ rather than a ‘contractual obligation’.  Furthermore, the success of such an inter-disciplinary endeavor depends on a collaborative mindset, shared trust, and mutual respect between faculty in Education and Engineering.  The educational objectives associated with the graduate student experience are as important as the programmatic conclusions of  the study. 

Lessons Learned

A debriefing session was conducted with Mechanical Engineering faculty and Assessment and Evaluation Center staff for the purpose of collecting client and evaluator perspectives about the experience.  ME faculty shared the following insights:

· With external assistance, a continuous improvement philosophy can extend beyond the minimum required areas viewed necessary for ABET accreditation.   Opening departmental procedures and processes for review by external evaluations demonstrates ownership of the continuous improvement process.

· It is beneficial to have an unbiased evaluator who does not have a vested interest in the program.  This is seldom the case in internal fact-finding ventures.

· The feasibility of conducting multiple evaluations in the SAME academic unit during a single semester is not recommended.  This approach would require too much faculty time to assure high quality results. 

· In departmental decision-making, it is refreshing to hear viewpoints of an expanded circle of stakeholders that extends beyond faculty colleagues.

· It would be neither fair nor productive to ask graduate students to examine program elements about which there is widespread animosity or disagreement among faculty. 

Graduate student evaluators shared the following insights:

· Evaluators need to work closely with the client to narrow the focus of the evaluation.  Even with a small number of questions (six in this case study) a large volume of transcriptions should be expected (52 typewritten pages in this case study).

· Evaluator credibility and project buy-in are essential for gaining sufficient access for a successful study.  Client participation in setting up interviews allowed these to be completed in a timely way.   Departmental funding for pizza and beverages at the focus group meetings helped bolster student attendance and participation.

· Providing minutes from the initial meeting to the clients serves as an informal contract, defining who will be interviewed, the length of the interviews, and the scope of intervew questions.

· A tape recorder is essential for capturing interview findings.  In comparing their notes, student evaluators found that neither one could record more than 30% of the respondent’s  information.

· Having a pair of student evaluators facilitates data collection and report preparation.  This is valuable in interpreting garbled transcripts and allowed them to better accommodate conflicting faculty and student schedules.

· Supplying anonymous transcripts in the appendix of the final report allows interested faculty to see that their viewpoints are properly recorded and to trace questionable recommendations to the raw data.  This is especially valuable in understanding the perspectives of non-faculty participants.

· It is sufficient to interview a subset of faculty within an academic unit to obtain an accurate representation of collective concerns and recommendations.  In this case, indications of data saturation began after the seventh interview.  By interviewing nearly twice this number of faculty, the validity of the evaluation results are further enhanced.

· Student and alumni participants in the project produced  more than half the recommendations for improving the program suggested in the final report.  The study highlighted the benefits of using a participant-oriented approach to evaluation,  including those who make decisions about the program, and those whose lives are affected by the evaluation results appears to be more robust than evaluations based solely on faculty perspectives. 

· Self-assessment against the Program Evaluation Standards authored by the Joint Committee on Standards in Educational Evaluation allows all parties to understand the strengths and limitations of the project.  Awareness of these standards on the part of engineering faculty is also likely to enhance  other program assessment activities.


Conclusions

An evaluation of the University of Idaho, Department of Mechanical Engineering Technical Electives was conducted by doctoral students in the Washington State University Assessment and Evaluation Center that is part of the Department of Educational Leadership and Counseling Psychology.  The evaluation, which included both summative and formative components, was performed under the cognizance and direction of the Mechanical Enginering ABET Accreditation Committee and Associate Director of the Assessment and Evaluation Center.  The overwhelming summative conclusion from the data suggests that technical electives add considerable value to the undergraduate mechanical engineering program and should be retained.  Formative suggestions on how to improve the program were provided based on a triangulation of data from faculty, advising staff, undergraduate students, graduate students, and alumni.

This project consisted of six basic steps consistent with guidelines described in the program evaluation literature [6,7].  First, a research problem was identified with the aid of an engineering faculty sponsor.  Second, the specific topic and subjects for study were selected based on engineering faculty interest in the topic, yet not volatile enough to cause turmoil within the department.  Third, the partnering of evaluation students and engineering faculty provided access to the facility to conduct the study.  The initial meeting between these entities defined the scope and boundaries of the evaluation, and defined the details of data collection.  Fourth, data collection ensued with minimal impact on faculty and students.  Fifth, data was analyzed for trends and forwarded to the original respondents for accuracy or elaboration.  Lastly, the final report was reviewed by the stakeholders prior to presenting the findings at a general faculty meeting. 

Partnerships, such as the one described in this study, provide rich opportunities for graduate students to apply foundational knowledge of participant-oriented evaluations in the field, and also allow perspectives not present at faculty meetings to influence programmatic decision-making.  Based on this experience, engineering faculty at the University of Idaho and Washington State University are currently expanding collaboration with their Colleges of Education to better meet the high standards for program assessment implied by ABET’s  Engineering Criteria 2000. 
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