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Student comprehension of calculus has been a persistent problem at Bloomsburg University, as it has been at many colleges and universities throughout the United States.  At Bloomsburg, we have begun several initiatives that we hope will improve both student learning and retention of majors in the calculus sequence.  These include placement testing for all students enrolled in the College of Science and Technology, a self-paced precalculus course, gateway exams, and group work in calculus.  We recognize that none of these efforts are unique to Bloomsburg University, and we welcome any questions or input from other educators in the State System.

Placement Exam:


The first step in improving the calculus sequence is to make sure that each student begins with the appropriate math course.  Beginning with the incoming class of 2001, we gave a placement exam to all students who were required to take calculus or essentials of calculus.  If the students were enrolled in the proper class at the start of their college career, we expected they would have a much better chance of success in their majors.  Before we could implement the exam, we first had to contact all affected departments.  To our surprise, we found that the science faculty strongly supported our efforts, since for years they have lost majors due to students’ failing calculus.  The next step was to choose a test, and we selected the exam Accuplacer due to the fact that it is already in use in several other schools around Pennsylvania. 


Once we selected the exam, we sent letters to all incoming freshmen that were required by major to take some kind of calculus course.  Each student who took the exam could then be placed in the appropriate course, whether calculus, precalculus, or college algebra.  We knew that many of our students needed to take precalculus, but were surprised at the large number of students that placed into this course.  In fact, we had to offer five sections of precalculus, as compared to one section the previous fall.  Since that course might become the most common first math course for majors in the College of Science and Technology, we decided to take a look at how best to teach this class.

Precalculus:


In the fall of 2001, we began offering a self-paced Precalculus course along with the standard lecture-based course.  In all sections, we used the text Precalculus with Limits by Lial, Hornsby, and Schneider.  For the fall we had 2 sections of the self-paced course, taught by Dr. Polhill, and 3 sections of the lecture course, taught by Drs. Lister and Loomis.  In the spring, Dr. Polhill taught one lecture-based course while Dr. Lister taught one self-paced course.  The lecture-based courses serve as the control for the experiment.  In these courses, standard lectures along with student problem solving comprise the course.  For 2001, students were randomly placed into the various sections, whether lecture or self-paced.  We will assess the success of the self-paced course versus the lecture-based course by comparing retention rates and student performance on a common final exam.


The self-paced course makes use of the Addison-Wesley software MyMathLab and MathXL.  The students work on the tutorial problems in a computer lab with the instructor available for any necessary assistance.  In the fall, due to student request, Dr. Polhill began to give brief lectures about 5 weeks into the semester.  These lectures were about half of the class period in duration.   Each self-paced section also had a student tutor to help with any questions.  


  Assessment consists primarily of three regular tests and a final exam.  Students have three opportunities to pass each test, so they review the material if they need remedial work.  They are required to retake tests unless they have already taken the test three times or have received an 80% on it.   Dr. Polhill generated the tests using the TestGen-EQ software that accompanied the text.  The advantage of using this software is that you can make multiple versions of the exams with ease.  However, the final exam that we gave was not computer-generated and therefore the students in the self-paced course were at a disadvantage due to the differences in difficulty.


In the spring, Dr. Lister was able to make some adjustments having learned from Dr. Polhill’s experience.  She did not use the computer-generated tests, but made three copies of each of her own tests for the students to take.  These tests much more closely resembled the final exam, and hence her students did not have the aforementioned disadvantage.  She also managed to completely avoid lecturing, instead preparing lecture notes that she distributed to the students.  This process required an extraordinary amount of effort, but the lecture notes are applicable for future offerings of the course.  Finally, she implemented very strict deadlines for taking the various tests so students would be sure not to fall too far behind.


There are several advantages to the self-paced course.  Advanced students can work quickly through the material, and can even do much of the work in a non-classroom setting.  In fact, this could be modified to a distance-learning course.  The students certainly enjoy having three opportunities to take each exam.   On the other hand, it was found that many students lack the self-motivation and discipline required to succeed in this type of environment.  


We will be happy to share our first-year results with any interested party.   During the summer of 2002, we will begin to compare the performance of students in the self-paced course versus the lecture-based course.  Preliminary results from the common final exam indicate that students in the lecture sections outperformed the students in the self-paced sections in the fall, while in the spring there was no significant difference between the sections.  However, a large number of students in the spring self-paced course either dropped out or did not take the final.  

Calculus:


Beginning with the fall of 2001, each student attending one of our four semesters of calculus takes a Gateway exam.  These exams consist of 12 problems to be solved without a calculator, of which a student must get 10 of 12 perfectly correct in order to pass.  Gateways are worth 10% of the final grade and a student has five or six opportunities to pass.  The different gateways in the calculus sequence respectively cover:  precalculus, differentiation, integration, and an overall exam covering all three topics.  We have found that these exams make the students accountable for the essential material from the calculus sequence, and that after going through this experience they do have significantly improved algebra and basic calculus skills.  


In contrast to the gateway exams, we are implementing several other “friendly” methods in calculus that will hopefully boost retention rates and enhance student learning.  These include take-home and in-class group assignments and projects, evening help sessions, tutoring labs, and partner quizzes.  Student feedback has been very positive for many of these techniques.  


Again, we recognize that the problems in precalculus and calculus are not unique to Bloomsburg University but are in fact a nationwide problem.  We also are aware that many other schools have initiated programs to improve student performance in these courses.   Please feel welcome to contact either of the authors to discuss anything mentioned in this paper or any other related topic.

