Assessment Report—Pre-Engineering

The Pre-Engineering program prepares students for transfer to a four-year institution, for completion of an engineering degree.  The first two years of the various engineering programs are substantially similar, with minor variations, so this is a practical and money-saving approach for our students.  In addition, those students who are not ready for entry into the engineering program at Missouri S & T, for example, can enroll in the prerequisite classes, or take advantage of the increased support (instructional assistant, reduced class size, more attention, group work environment) offered at East Central College.  Some students stay at ECC for the completion of their two-year AS degree, but others transfer without completing their degree for a variety of reasons, ranging from personal to academic opportunities.

Many students who enter the program do not complete it.  Some students declare themselves as Pre-Engineering majors and place into Pre-Algebra or Intro to Algebra as their first mathematics class.  Given that those students are faced with a four to five year period at ECC, and with their challenges in mathematics, many of them leave or change their major before completing the Pre-Engineering program.  This leads to a high attrition rate for the program.

Students who successfully complete the Physics and Calculus sequences generally do complete the Pre-Engineering program and go on to a transfer institution, so those two sequences collectively play the role of gatekeeper in our program.  In this report, we discuss efforts to address success in the Physics sequence.

The Pre-Engineering department has focused on three questions for this assessment report:

 1. How effective is the Pre-Engineering program at preparing students for their transfer experience?

 2. Is the apparent high attrition rate from the Pre-Engineering program remediable?

 3. What can be done to improve student success in the Physics sequence, which (along with the Calculus sequence) serves as a “gatekeeper” for the program?

How effective is the Pre-Engineering program at preparing students for their transfer experience?

The assessment of this question took two forms:  

First, students were surveyed to see how well-prepared they felt after they had transferred.  This survey is filled out by transfer students after they have been at their transfer institution for ½ semester.  Additionally, they are asked what could have been done to improve their preparedness.  The results of this have been very positive.  Students have felt very well prepared in most respects.  Some early concerns regarding material covered in the programming (C++) and Circuits classes have been addressed by aligning the course more closely with those taught at Missouri S & T (our primary transfer partner).  The rest of the classes seem to be adequately preparing the students for follow-on courses.  The primary area of concern seems to be lack of experience with the Matlab software package, which is used extensively at Missouri S & T.  We have installed a Matlab “work-alike” free package (Octave) on the computers accessible to the Pre-Engineering students, but as yet have found limited time to incorporate it in classroom assignments.  We will address using it in the Statics class in the FA10 semester.

The second approach to assessing preparedness was to ask Missouri S & T for data tracking aggregate performance of ECC students relative to their peers in several courses that follow the transfer program sequence.  For example, Strength of Materials depends on Statics, Circuits II depends on Circuits, Data Structures depends on C++ Programming, and so on.  While the transfer office at Missouri S & T agrees with the value of this approach, and has expressed willingness to obtain this data (for ECC and other transfer schools) so far we have not received any objective data.  However, MS&T has reported at transfer conferences that our students do complete their degrees after transferring at virtually the same rate as “native” students who have reached their junior year.  Also, we have had subjective (verbal) reports from MS&T faculty, who uniformly (in our experience) have described ECC transfer students as well-prepared and capable students.

We have adjusted our program in response to MS&T feedback, by replacing Linear Algebra with Engineering Statistics as the mathematics elective course.  That is the course that most departments recommend their students take as an elective.

In summary, we believe our students are well prepared for their transfer experience.  This assessment activity is ongoing, however, as the Pre-Engineering program constantly seeks to improve its basic mission of preparing students for transfer.  We hope to have more objective data on student success after transfer soon, which should help identify courses or subject areas that need improvement.

Is the apparent high attrition rate from the Pre-Engineering program remediable?

By some measures, the Pre-Engineering program experiences a relatively high attrition rate, in that many students who initially declare themselves as a Pre-Engineering major do not end up completing the program.  Because ECC is an open enrollment institution, any student may declare themselves a Pre-Engineering major.  This means that there will always be a certain proportion of students who leave the program after realizing that engineering is not a good career fit for them.  

The bar chart above shows the number of declared Pre-Engineering majors who have returned to ECC in one of the two following semesters, and also the number who returned as a Pre-Engineering major.[image: image1.emf]03/FA 04/FA 05/FA 06/FA 07/FA 08/FA
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It does appear that, of the students who return within one of the following two semesters, a substantial fraction do remain as engineering majors.  As it is not easy to precisely measure by eye the fraction of returning students, the specific percentages of returning students, and the percentage who return with the same major, are in the table below. 
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As can be seen, typically around 85% of students return to ECC.  On average, around 75% of students remain in the Pre-Engineering program.  That figure fluctuates, and while it has been somewhat higher for the last few years studied, it tracks well with the overall rate of students returning.  The third column, Retention Ratio, is the ratio of the Same Major students to the Total returning students. That suggests the program attrition rate, as a fraction of Pre-Engineering students returning to ECC, has been relatively constant, at around 87%.

Thus, as an overall average, around 15% (roughly 10-12 students per semester) of Pre-Engineering majors do not return to ECC in one of the following two semesters.   Approximately another 10% of the Pre-Engineering majors do return, but with a changed major.  According to the report at http://www.eastcentral.edu/ir/factbook_2009/Section2_Student_Retention.pdf
a comparable institutional figure is around 55%.  The institutional return rate is unsurprising, given that roughly half of our students would be expected to graduate in any given year.  The relatively high returning percentages for Pre-Engineering majors is due to many students taking 3 or more years to complete the program, as explained in the following discussion.  Taking into account transfers to MS&T from the Pre-Engineering program, which also tends to be around 10-12 students per year, it appears that the attrition rate from the Pre-Engineering program is really not a problem, in that most students who do not complete the program do end up returning to ECC in other majors.

These numbers also explain the high attrition rate, as measured by incoming Pre-Engineering majors vs. the number who graduate or transfer to the four-year institution.  Out of a cohort of, say, 75 declared engineering majors, approximately 10-15will be enrolled in Physics II (and are on track to graduate at the end of that year).  This suggests an 80+% attrition rate in the program.

Considering the 03 to 05 Fall semesters, there were an average of 74 declared Pre-Engineering majors.  The  fraction of returning Pre-Engineering majors is approximately 75%.  Thus, approximately 19 students leave the program in any given year.  Over the same time period, on average, 12 students reached Physics II, and were then on track to complete the final year and transfer.  Assuming these averages are fairly consistent over time, this suggests that the average student tenure in the program is four years.

Four years may seem like a long average tenure at a community college, but given the nature of the Pre-Engineering program, it is not unexpected.  Since only those students who place into Calculus I have the potential to finish in two years, and many of those retake one of the Calculus or Physics classes, most of our students will take three or more years to complete the program.  The average number of students in the Fall Calculus I course in this time period was 18.  With 12 (average) students in their sophomore year, that leaves the majority (44) with minimum three-year tenure.  Over this same period, the average number of students in Pre-Calculus was 15, or 30 for the year.  Thus 14 students were in a prerequisite mathematics class or no mathematics class at all.  These students constitute the “long tail” that pulls the average tenure up, as well as increasing the attrition rate.  However, as outlined above, the majority of the non-returning Pre-Engineering majors do return to ECC in another major, or transfer out to their four-year institution.

What can be done to improve student success in the Physics sequence, which (along with the Calculus sequence) serves as a “gatekeeper” for the Pre-Engineering program?

In an effort to improve student success in General Physics courses, a change was made in the testing procedure in the 06/SP term.  In place of several high-value tests given during the semester, we now give weekly quizzes, which are comprehensive in nature.  So each week, students take a quiz with five questions, one or two of which are over the current chapter, and the remainder of which are drawn from previous material.  Emphasis is given to topics which the students have had trouble with in the past, while well-understood concepts are given less coverage.  These tests were given in the Testing Center from 06/FA through 08/SP.  Physics II testing was transferred to an online system in the 08/FA term, and Physics I testing was performed weekly in class in 09/SP and 10/SP.

The chart below shows the percentage of students who completed the class with a grade of C or better.  The SP term represents the General Physics I class, and the FA term is the General Physics II class.
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Based on the data in this chart, we can see that Physics I success bottomed out in the 05/FA and 06/FA terms, at 50%.  The following term, 06/SP, weekly quizzes were begun in the Testing Center in the Physics II class.  The success rate in Physics II was nearly 90% that semester and remained in the neighborhood of 80% afterwards.  In the 08/FA term, Physics II testing was transferred to the online system.  That change does not seem to have made much difference, given the limited data available.

The Physics I success rate was lowest in the 05/SP and 06/SP terms, at 50%.  The following semester, 07/SP, weekly testing in the Testing Center had started, and the successful completion rate was 100%.  The successful completion rate was nearly 80% in the 08/SP term.  In 09/SP, the testing was moved into class, and the success rate fell below 70%.  It is possible that the change in testing procedure contributed to this decline.  However, in the 10/SP term, the success rate was again above 80%.  The testing in the 10/SP term was still in class, seeming to counter the hypothesis that the reduced lecture/board work time affected success rates.  However, efforts were made to minimize the class time lost by giving the quizzes at the end of the period, and the time allowed for presenting finished board work was limited.  These efforts may have contributed to the success rate for that group.  Fluctuations due to small group statistics also cannot be ruled out as an explanation.

In summary, it is not clear yet how successful the changes in testing have been, given the uncertainties of small group statistics.  The results seem promising, and we are moving forward with putting the Physics I testing online as well, to see if recovering class time helps success rates.

Goals for the Pre-Engineering program, aimed at program or teaching improvements:

1) To assess program attrition more realistically, we propose to split the Pre-Engineering program into two parts—a “Pre-Engineering” program, which contain students who are not eligible to take Calculus I, and an “Engineering” program which will contain those students who are enrolled in, or have completed, Calculus I. This mirrors the curriculum guidelines at Missouri S&T, where the first semester students are expected to enroll in Calculus I.

2) To migrate weekly testing in General Physics I to an online platform in order to free up the class time now consumed by the increased rate of testing.

3) To incorporate some Matlab-like activities into certain Pre-Engineering classes.  The Statics class will provide opportunities for that, and we will investigate the capabilities of the software to see if other classes can make use of it.
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