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At present Calculus (and most other undergraduate courses at USC) is taught five hours per week: three lectures in classes of about 60 students, and two discussion sessions in three groups of 20 students each.  Once a week a quiz is administered during the discussion session.  This traditional system has some drawbacks: 1. Both the lectures and discussion sessions often have low attendance,  2. During the lectures there is little interaction between instructors and students,  3. To the discussion sessions students come unprepared and mostly copying solutions provided by teaching assistants (TAs), 4. Quizzes take time from away from the instruction.  
To address these issues the idea of a workshop-type Calculus instruction (originated in [1]) was proposed.  Its objectives were to: 1. Replace part of the lecture by a workshop session.  The instructor would assign a problem and together with the TA would help the students, individually or in small groups, to solve them.  2. Replace the discussion sessions with computer-based practice problems, tutorials, homework and quizzes.  As a result the instruction time would be reduced from five hours to three hours per week (which is a significant reduction in instruction time).  
Our experiences in teaching a workshop-type Calculus are described below.  

During the Spring 2002 semester the Math Department offered three experimental Math 118, Calculus for Business classes (out of 7)
.  The computer system was not ready and only a limited number of web-driven practice sessions was offered (in the second part of the semester one computer quiz was attempted).  Thus the main burden of delivering a quality instruction fell on the lecture-workshops.  Without computer support and with lecture time eroded by the workshop approach and quizzes there was not enough time to present the material.  We then decided to reduce the number of quizzes by half.  Nevertheless the instructors needed to improvise constantly and thus were stressed in spite of the relatively small size of classes (25 to 30 students).  However, a test taken by an independent party at the end of the semester showed no measurable differences between performances of students taking the experimental and standard format instruction.  In spite of all the problems encountered, students’ satisfaction in the experimental classes was higher than expected
.
In the Fall 2002 semester the number of experimental Math 118 classes was reduced to two
 (out of 8) but the size of these classes was a standard one (about 55 students in each of the two classes).  The computer system was still not in a satisfactory working condition.  Thus it was decided not to use the computer system to avoid spending time on training students to use it, being guinea pigs for the computer system and arbitrating possible computer bugs or student syntax errors (based on the experiences from the previous semester), and to avoid yet unsolved problems of quiz security.  
In the Spring 2003 semester only one Math 118 classes (out of 5) with 20 students was using the experimental approach employing the web-driven computer practice (dr. R. Blazek).
Description of the approach used in the Fall 2002 semester.
There were two 90 minute lectures per week.  They were divided in periods devoted to standard presentation of the new material and those where students were individually (or in small groups) solving the problems spontaneously assigned by the instructor.  The length and ratio of these periods were dictated by the current needs.  Typically they were about 20 to 30 minutes long.  Students often got stuck somewhere during the solving process and required constant attention.  Providing an instantaneous and efficient help is an essential ingredient of the workshop-type instruction.
To this end the two classes decided to share the TAs who both attended the two lectures and actively participated in their workshop format.  This allowed for three people simultaneously to help individual students during the time intervals devoted to workshop sessions (thus with a ratio student-to-instructor of about 15 to 1).  In order to save time, quizzes were replaced with assigned homework problems which were collected each week.  Only three of the assigned homework problems were then graded (of course, the students did not know in advance which ones were going to be graded).  It should be noted that the time TAs spent in lectures (6 hours per week) was identical to the one required for the standard discussion sections, and the amount of work for grading homework was comparable with that of grading quizzes.  
All four persons of the teaching team collaborated closely throughout the whole semester, meeting frequently, exchanging observations and keeping the same pace.  Unfortunately, the level of students’ preparedness was very diverse, some had Calculus in high school, others had problems with elementary mathematical operations.  This non-uniform level required paying additional attention, spending more time with weaker students, supplying extra problems to the more advanced.  We were lucky to have dedicated TAs who not only spent their office hours (3 per week) in the Math Center but also met at additional, sometimes odd hours
 with those students falling behind.  On the other hand we did not have the Supplemental Instruction leaders that we found helpful in other Calculus classes.  
In general, students are very frustrated when they do not know where to start while trying to solve a problem or when they stop in the middle of it without a clue what to do next.  The instantaneous consultation gave them the needed spark and motivation to proceed.  During the workshop intervals we spent almost all the time helping students, explaining whatever problem they may have had.  This created a congenial atmosphere (reflected by a higher than usual attendance) that was very beneficial to the learning process.   
The results of the common final examination did not show any noticeable differences between the standard and experimental classes.  In spite of this, we feel that reducing the time of contact between the students and instructors (from 5 to 3 hours per week, in our case) may be detrimental to the learning process – after all it is the instructors who stimulate the students.   To be fair, one must recall that one planned ingredient was missing - the computer system – and we did not have a chance to test its possible beneficial influence.  
A feasible alternative to creating (at great cost and effort) our own computer-based system (software) is to integrate existing interactive systems provided by textbook publishers in our courses.  For instance, one can employ the interactive CDs provided by Brooks and Cole with the Steward Calculus text currently used at USC.  Computers are outstanding tools that can be extremely helpful, and interactive programs even more so.  On the other hand, computers are not intelligent instructors and they cannot replace the students’ thinking process.  Therefore they should be used to supplement, not to replace, the human instruction.
Conclusions.

One can avoid most of the drawbacks of the traditional format of instruction (mentioned in the preamble) by using the workshop-type instruction.  An increased student-instructor interaction increases students’ involvement, their attendance and finally their satisfaction with the classes.  A proper computer-based practice could also be beneficial.
One should stress that the positive output derived from our experience must be taken with a grain of salt: enthusiasm of the teaching team in a new program (or format) makes a significant difference over any standard program (format) that has fallen into a routine.  And we have been working hard to make it work.
Post Scriptum

One of us (WP) was teaching Calculus II (Math 126) during the Spring 2003 semester with about 45 students.  Since the TA (Yoni Ben-Simhon) volunteered to be present during the lectures as well as  the Supplemental Instruction (SI) leader (Neil Kumar) we had a sufficient critical mass of three people to use to some extent the workshop approach (without the computer-enhanced ingredient).  Again, quizzes were replaced with assigned homework problems which then were collected each week (20% of the total grade).  Only some pop quizzes were conducted to prepare students for the midterms.  The classes were lively, the students involved, also greatly due to Yoni’s dedication in and out of the classroom.  Another alternative presently (Fall 2003) tested is to have quizzes every second week, in addition to assigned homework.  
Supplemental Instruction at USC is a low cost, high quality program that provides a valuable addition to the standard-format instruction.  SI leaders traditionally help students outside the class room by selectively delivering instruction to small groups of help-needing students even at odd hours and days, e.g. on weekends before tests.  We found that SI leaders can also significantly help in the in-class instruction when using a workshop approach.   
[1]   Wayne Raskind, Curricular Redesign Fund Proposal for Math 118, Calculus for Business, USC, 2001.
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� the participating faculty were drs. W. Proskurowski, D. Saric and H. von Bremen.


� the average of the students evaluations for the three classes was 4.60 (out of 5).


� the faculty were drs. W. Proskurowski and H. von Bremen, and the TAs Y. Ben-Simhon and B. Pangeni.


� Yonatan Ben-Simhon in particular should be credited for his unselfish work.








