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INTRODUCTION

Classically-structured seminars—lecture-free courses emphasizing classroom discussion and active student learning—have long been offered, their value long recognized, at all levels of post-secondary education in the humanities and social sciences.  In mathematics, however, the situation is quite different.  Seminar courses in mathematics are currently only common at the graduate level.  A more recent development shows lecture-free courses being developed and offered to advanced mathematics majors as capstone or special topics courses and, at the opposite end of the curricular spectrum, to liberal arts students seeking to fulfill distributional or quantitative proficiency requirements for graduation.  However, there have been far fewer documented efforts of individuals or institutions incorporating seminar-structured courses at all levels of the traditional undergraduate mathematics curriculum.  Here I discuss my experiences designing and teaching such a range of courses at Sarah Lawrence College and Oberlin College.


My primary motivation for departing from the time-tested, traditional lecture approach to instruction was to get all students, regardless of level of mathematical knowledge or quantitative proficiency, more actively involved in their own mathematical education.  I felt the emphasis in the seminar on independent student reading and subsequent group discussion of new mathematical topics would serve to help students become more self-sufficient in their mathematical studies and potentially more successful life-long learners of mathematics.

To date I have taught lecture-free, seminar-structured mathematics courses at the elementary, intermediate, and advanced undergraduate levels.  Minimal classtime was devoted to lecture in any of these courses.   In preparation for each seminar meeting, each student was required to read unfamiliar material (often one section of a traditional textbook) independently and attempt a collection of exercises keyed to the topics studied.  Furthermore, each student was required to electronically submit a brief reaction piece to the instructor in advance of class.  Class time was devoted entirely to discussing and clarifying the new mathematical topics encountered in the reading and  forming a class consensus as to the proper method(s) for solving each attempted exercise.  Details of these pedagogical practices are discussed herein.

My initial apprehension in using the seminar approach—that students would not have sufficient capacity to read mathematics on their own and that less material would be covered in a seminar course as compared to a traditional lecture course—turned out to be unfounded.  Although most of my students had little prior experience in independent reading of mathematics, a vast majority of them quickly adapted to this different style of mathematics course.     Furthermore, my experiences suggest that coverage need not be sacrificed when a course is structured as a seminar.  An informal assessment of the outcomes, both positive and negative results, of my seminar courses is provided herein.

Overall my experiences suggest that the seminar, as a pedagogical alternative to the traditional lecture, is worthy of further consideration at all levels of the undergraduate mathematics curriculum.  Suggestions for other teachers interested in experimenting with seminar-structured courses is provided.

MOTIVATION AND RATIONALE
The motivation for my current practice of teaching mathematics courses in a lecture-free, discussion-based format stems from my own experiences as a student of mathematics and from my earliest experiences as a teacher of undergraduate mathematics.  

Without exception, the courses which comprised my formal undergraduate mathematics education were traditional, lecture-style courses.  These courses were taken at a liberal arts institution and were taught by teachers of varying professorial levels who were uniformly gifted in their abilities to construct and deliver coherent, precise, and occasionally dramatic lecture presentations.  

Although I was fortunate to have excellent college teachers, I realize now that the vast majority of my actual mathematical learning during those years occurred outside the classroom wherever I sat with textbook lying open.  This is not to say I failed to benefit from the many excellent lectures I received in my undergraduate courses, but the lectures only served as a passive introduction to the material.  Notes were taken, examples were followed, even an occasional question was posed (or answered), but deep understanding of the material was typically only achieved after careful reading of the text, the inevitable struggle with exercises, and regular late-night discussions with classmates.  At the time I never considered reading the text and working exercises before the class lecture and never realized the potential value and efficiency in doing so.

Graduate courses are often structured in the seminar style in which students are required to prepare materials in advance.  Individual students are often selected to make class presentations of their proofs or exercise solutions.  Typically the class is called upon to judge the correctness or validity of the arguments presented.  As a result, hearty discussion results, debates erupt, misunderstandings get corrected, and mathematical knowledge gets advanced.  This seminar approach to graduate coursework forces students to actively engage the material they are studying and to constantly re-assess their understanding of this material.   As such, I found the classroom time I spent in graduate seminars to be immensely more productive and valuable than that spent in undergraduate lectures.  Admittedly, I was a considerably more mature student of mathematics by the time of my graduate studies.  Would a seminar course been as valuable to me during my undergraduate days?


My first teaching position was as a guest (visiting) faculty member at Oberlin College.  For the 1996 Spring semester, I was assigned to teach an undergraduate course in topology.  Eight students registered for this advanced majors course including six seniors, four of whom had immediate plans for graduate study in mathematics upon graduation.  (Six of the eight students would eventually enroll in post-graduate studies in the mathematical sciences.)  It was a class of gifted mathematics students whose talents and accomplishments had already been documented in prior coursework, research projects, and Putnam competitions.  As a young and inexperienced teacher whose specialty was outside of topology, I was apprehensive of the task of lecturing to such a talented audience several times a week.  As a result, I decided to run the course in a manner similar to a graduate seminar.  Students completed readings of new material and prepare exercises in advance of class meeting.  They were required to present their solutions to the rest of the class.  Class time was completely dedicated to student presentations of exercise solutions and to class discussion of these solutions.  

The course was a tremendous success.  These talented students who, like myself as an undergraduate, had experienced only lecture-structured courses in their undergraduate studies, enjoyed the discussion-based approach of this seminar.  They performed well beyond my expectations.  Although it took time for both students and myself to adjust to this new approach, by the end of the semester student presentations (and peer critiques) were impressive in content, clarity, and articulation.  Even more surprising, within the seminar framework the class managed to complete a full semester study of point-set topology in Munkres’ Topology [2] including brief units on the Tychanoff Theorem, the Fundamental Group, and Covering Spaces.

At the time I assumed success of this seminar experiment in topology could be primarily attributed to the background and talents of the particular set of students involved.  Two years later in the Fall of 1998, now a faculty member of Sarah Lawrence College, I chose to experiment again with the seminar approach to mathematics education.  This time I designed a seminar course in elementary statistics for an audience of primarily social science students.  The subsequent success of this seminar —despite the dissimilarity in the background and mathematical talents of these statistics students as compared to my former topology students—led me to conclude that all students, regardless of their mathematical abilities, could potentially benefit from the seminar approach to their mathematical education.  Since the Fall of 1998, I have subsequently taught all of my courses in this lecture-free, discussion-based seminar format. 

THE SEMINAR DESIGN
I believe the seminar approach can be successfully implemented at all levels of the undergraduate mathematics curriculum, from liberal arts courses to advanced major courses.  Since 1996 I have taught lecture-free seminar courses on the following topics (categorized by level):




Liberal Arts Courses:  




Game Theory and Strategy





Mathematical Topics in the Social Sciences





History of Elementary Mathematics





Elementary Statistics




Introductory Courses:




Calculus I, II





Discrete Mathematics




Intermediate Courses:





Linear Algebra





Multivariable Calculus

Advanced Courses:





Abstract Algebra





Topology

Despite the range of mathematical sophistication required to study the different topics listed above, I structured each of these seminar courses in a fairly identical manner.  Each course incorporated the same basic components:  pre-seminar readings and exercises, pre-seminar reaction pieces, classroom discussion, and post-seminar exercises (problem sets).  The means of student evaluation (grading) was common for all seminars listed above as well.  Details are presented below.
  

The median class size for the courses listed above was 13 students with a minimum and maximum class sizes of 6 and 17, respectively.  To date I have not experimented with seminar-structured courses for larger classes.  Suggestions for other teachers interested in experimenting with discussion-based courses (including thoughts for those faced with larger enrollments) are given in a later section.

Pre-Seminar Readings
Having students engaged with new mathematical ideas before class is the most critical component to my seminar courses.  Typically I will assign one section (six to ten pages) from the course’s primary textbook to be read by the student in preparation of the seminar meeting.  I ask each student to attempt solving a collection of exercises (called seminar problems) keyed to the reading that subsequently form the basis of seminar class discussion. 

Unfortunately, high school and college students are not generally competent in reading mathematics on their own for comprehension.  Typically when faced with a mathematical assignment students tend to work in a backwards manner.  They first attempt solving exercises from their memory of the theory and techniques discussed in the instructor’s lecture.  If this fails, they typically scan their class notes and/or textbook to find exercises similar to that at hand.  Only as a last resort will most students actually resort to reading the textbook!  This is an unfortunate but common practice even among highly talented mathematics students and, perhaps even more unfortunate, it is a practice that is tacitly promoted by the passive nature of lecture-driven courses.

I feel I have had considerable success in getting students to adopt more effective mathematical study skills and, specifically, in getting students to read mathematics on their own.  At the first seminar meeting I impress upon the student the potential value of becoming more active and independent learners of mathematics.  Students are asked to look beyond their current course goals, beyond the demands of learning the specific course topic at hand.  I encourage them to develop more effective study skills to assist them in becoming more successful life-long learners of mathematics.  

My experience suggests that even the most motivated and talented student requires considerable guidance and support in their efforts to improve their ability to read mathematics independently for comprehension.  Because reading mathematics requires different techniques than reading a history textbook, a biography, or a Stephen King novel, I provide students with many helpful tips regarding effective reading of mathematics on the first meeting of the seminar.  The most important suggestions appear below.  The efforts of other teachers to get students to read mathematics are described in [1, 3].

Suggestions for Effective Reading of Mathematics

1. When confronted with the task of reading a piece of mathematical text, skim the entire reading first to discern its general outline and to identify its main points and objectives. 

2. If necessary, review earlier portions of the textbook (or prior mathematical topics studied) to recall forgotten or unfamiliar vocabulary, techniques or theorems before attempting a thorough reading of the current text.

3. Don’t rush!  Read slow!  Mathematical writing is typically dense with ideas.  Spend as much time as necessary to understand the full intended meaning of each of the author’s arguments and examples.

4. Pay particular attention to the precise statement of new definitions and theorems.

5. Do not immediately skip over a portion of the reading that doesn’t make sense in the hope that its meaning will become more apparent later.  Because of the linear nature of mathematical writing in which one topic builds from those that precede it, it is very important to fully understand one topic before proceeding to the next.  

6. Try to identify the cause of any misunderstanding of the topics being studied. Consider all reasonable methods to resolve the misunderstanding. Whenever possible discuss difficult portions of the text with a friend, study partner, or study group.

7. If all else fails,  make sure to mark any portions of the text that remain perplexing so that you may raise these issues subsequently in class.

8. Occasionally authors will intentionally leave some details of arguments or examples to the reader to complete as an exercises.  Authors do this for pedagogical reasons and not laziness!  As a useful check on your understanding of the material, always fill-in in the details omitted by the author.  

9. Examples in textbooks often come with a moral.  Discern the author’s main point in providing the example.  Make sure you struggle to understand every aspect of the computation, manipulation, or procedure presented in the example.  

10. Always keep pencil and paper handy whenever reading mathematical text.  It can be very helpful to highlight important passages, insert marginal notes to yourself (ala Fermat!), and make simple calculations while involved in the reading of the text.

I find it helpful to stress these principles repeatedly throughout the semester.  In every seminar to date I have also found it necessary to work individually with one or more students to help them adopt of these principles into their study routine.  For the sake of motivation, I make a point to regularly remind my students of the potential benefits to be gained by sharpening their mathematical reading skills.

Pre-Seminar Exercises
In addition to completion of the required reading in preparation of the seminar meeting, students are required to attempt a collection of exercises, called seminar problems, that are keyed to the reading.  I find it most effective to assign between ten and fifteen problems that require mostly straightforward application of the material studied.  More challenging problems are assigned sparingly (especially early in the semester).  The idea is to empower the student with the awareness that he or she is capable of applying mathematical techniques that have been studied independently.  Such empowerment is significantly harder to foster if exercises of a sufficiently high difficulty level are regularly assigned.  More difficult problems are assigned regularly as part of the post-seminar problem sets (see below).

I do not collect seminar problems for evaluation.  Doing so would place undesirable pressure on the student as he or she attempts to complete the assignment.  Furthermore, I have not adopted a policy of checking student completion of the seminar problems.  This information is inevitably revealed in the quality of the student’s contribution to seminar discussion.  With larger class sizes (greater than 20) some kind of check on students’ completion of pre-seminar work might be warranted and necessary.

Pre-Seminar Reaction Pieces
The third and final assignment for students in preparation for seminar discussion is the electronic submission of a reaction piece to the pre-seminar reading and exercises.  Specifically students are required to submit an electronic (e-mail) message to me containing the following information:

1. A one-paragraph outline of the main points of the readings identifying the most important new concepts, techniques and theorems.

2. The statement of a single question related to the material studied whose answer is nowhere addressed in the reading.

I require students to submit these reaction pieces three hours before seminar class meeting which gives me sufficient time to review students’ understanding of the material.  Thus, I am able to enter class with at least partial knowledge of how well students have understood the daily topic.  These reaction pieces also serve an important role in promoting seminar class discussion as described below.  Like the pre-seminar exercises, these pre-seminar reaction pieces are not formally evaluated.  Students receive full credit for the assignment simply by submitting a document that addresses both points above.


In some seminars, I have required a third component as part of students’ pre-seminar reaction pieces.  In these classes, I required students to fully present their solution to one exercise among that day’s pre-seminar problems.  Typically I selected one of the most straightforward exercises keyed to the reading.   This was also intended to help me determine in advance of class how well students understood the reading.  In the end it did not provide me with additional information beyond that already provided by the other two components of the reaction pieces.  In general those (and only those) students who adequately outlined the reading were successful in presenting a valid solution to the selected exercise.  Because students’ solutions to these exercises failed to provide me with additional information on student understanding and because I felt they made the reaction pieces undesirably long, I have decided to limit the extent of these reaction pieces to the pair of items listed above in all subsequent seminars.

Seminar Class Discussion
Except for the occasional presentation of supplementary examples and side topics, no time in seminar classroom is allocated to professor lecturing.  Typical classes are highly interactive sessions in which students and myself become fully engaged in a conversation (and an occasional debate) on the mathematical topic at hand.  Most sessions of seminar involve three specific activities:  (1) a discussion of the main ideas encountered in the reading, (2) an attempt to form a class consensus as to the appropriate method(s) of solving each of the assigned seminar problems, and (3) a discussion of the questions posed by students in their pre-seminar reaction pieces.

The typical seminar session begins with a general discussion of the main points of the day’s reading.  In broad terms the class discusses the importance of the new concepts and their relevance to prior topics studied.  Gradually broad discussion evolves into a more focused discussion regarding the details of the new theory and techniques.  As an example of how I lead a discussion which evolves from the generic to the specific, consider the topic of variability and measures of spread encountered early in an elementary statistics course.  I would start discussion by asking the class for an informal definition of the term ‘variability’ and for a comparison of this new notion with some  previously studied concepts including ‘center’ and ‘shape’ which are also used to describe the important features of a quantitative data set.   Once I am assured the class understands the basic statistical notion of variability, I ask them to describe the specific steps involved in calculating each of the standard measures of variability:  range, five-number summary, percentiles, and standard deviation.  To highlight the different properties of these measurement tools, I might ask the students which device(s) would be most appropriate to use in measuring the spread in a specific skewed data set (e.g., household incomes in the State of New York), which would be the simplest to calculate, and which would be the most informative.  Eventually, students would be asked to compare the properties of the different measurement devices.  I might, for example, ask them to determine which measures are resistant to the existence of outliers or extreme skewness in the data set.  

By far the majority and the most focused portion of the classroom discussion involves  the assigned seminar problems.  On occasion I will ask a student volunteer to present the complete solution to a problem on the blackboard.  Although this is a valuable activity for both the student presenter and his or her peer audience, such student presentations often consume significant portions of the available class time.  As such I use student presentations rather infrequently in my seminars.  More typically, I will ask students what topic among the new theory discussed is most relevant to solving a given problem.  I will first ask one student to supply the class with a general outline for solving the problem.  Once the class has agreed on the outline to be used for solving the problem, I will ask other students to verbally supply the details of the specific steps involved in the solution.  I write the students’ verbal responses on the board.  I make sure to use appropriate grammar, terminology, and  symbolism on the blackboard in order to give my students an additional example of effective mathematical writing.  Occasionally, based on a student’s response, I will write something mathematically incorrect on the blackboard with the hopes that another member of the class will identify and correct the error.  I do this rarely, however, out of fear that such a practice might serve to reinforce student misunderstanding.  Once a problem is fully solved on the blackboard, I ask students for alternative approaches to solving the same problem.  If multiple solutions are found, the class is asked to discuss the relative merits, efficiency, and generalizability of the different solutions.  

The class attempts to discuss and solve each of the seminar problems assigned for the day.  When the class fails to complete this daily task, the remaining problems are discussed at the beginning of the next seminar meeting.  Regardless of the class’ success in completing this task, I always try to leave time to address the most interesting questions among those posed by students in their pre-seminar reaction pieces.  In preparation for seminar, I review all submitted questions and select a handful to discuss in class.  As I read the question to the class I identify the author accordingly.  This portion of the seminar is often the most lively and engaging.  Below are some examples of actual questions posed by students in my most recent Calculus II seminar (Spring 2001) .

Topic:  Substitution Method of Integration

Student Question:  “What is happening geometrically to the region under the curve f(x) when we use the substitution method to evaluate a definite integral?  Aren’t we redefining the region in terms of a new variable?”

Topic:  L’Hopital’s Rule

Student Question:  “L'Hopital's rule is used exclusively for limits in indeterminate form, right?  So why was this technique not introduced earlier in the textbook when we first encountered the notion of an indeterminate form?  Also, why is it we are taught that to have a zero in the denominator makes a fraction ‘undefined’, when really it is in a way.  What is the difference between ‘indeterminate’ and ‘undefined’? ”

Topic:  The Integral Test for Convergence of a Series

Student Question:  “I understand the value of the improper integral calculated in the integral test is not equal to the sum of the series.  But can the sum of the series be at least approximated from the value of the integral?  If so, how?”

Each of these questions is provocative, yet their answers could not be found in the course textbook.  I ask students to respond to these questions posed by their peers.  To be sure, each of the above questions generated very animated seminar discussion.  Occasionally the questions are profound and their answers must be left to a subsequent class or course altogether.  Admittedly not all of the questions posed by students in this calculus seminar were as penetrating in content or as articulate in presentation as the ones above.  Nevertheless, on most seminar meeting days, I found little difficulty in selecting two or three questions of sufficient insight and interest to raise in class.  

I make every effort to ensure that each student feels comfortable sharing his or her knowledge and insight in class.  To ensure all students an equal opportunity for participation, no student or group of students is allowed to dominate the discussion.  The more outspoken and energetic students are instructed to give their less vocal peers sufficient time to respond to questions.  In each of my seminar courses I have felt the need to have individual conversations with students who are reluctant to speak in class.  The goal of this conversation is to identify the cause of the student’s silence in class—shyness, lack of confidence, and chronic unpreparedness are the most frequent explanations—and to help the student become a more active seminar participant.

Because classroom discussion is a vital component of my seminar courses, I have instituted a mandatory class attendance policy in all of my courses.  My course syllabi announce that students who miss two seminar meetings  (without an official excuse) run the risk of course credit reduction
.  Immediately following the second absence, I request a conference with student to review the attendance policy.  At the third absence, the student receives a letter informing him or her that a single additional absence will result in a one credit reduction of credit for the semester course.  I regularly accept medical emergencies, family or personal crisis, and attendance at extra-curricular events as reasonable excuses for an absence from class.  Unfortunately, during my four years at Sarah Lawrence,  I have had to reduce course credit for at least one student each semester based on poor attendance.  The vast majority of students, however, have little difficulty abiding by my strict attendance policies.

Post-Seminar Problem Sets
Every two weeks I assign an additional set of problems, called a ‘problem set’, for student to complete.  For any given topic, work on the corresponding problem set represents the final stage in the student learning process.  Exercises on these problem sets are typically more challenging than the more straightforward seminar problems that are prepared by students in advance of class.  Their solutions typically require students to synthesize prior topics and techniques with the ones currently being studied.  Generally, successful completion of these problem set exercises requires significantly deeper understanding of the material as compared to the more basic seminar problems discussed in class.  Students work the seminar problems and the class’ subsequent discussion of these problems is typically sufficient preparation for students to succeed in solving the problem set exercises.


Although I feel that there is much to be gained by discussing mathematics with others and I promote group study whenever possible, I require students to work on these problems sets independently.  The result of their efforts are submitted for formal evaluation.  I stress the importance of quality writing in mathematics and expect students to submit solutions that are clearly presented and articulately explained.  Students receive separate scores on these problem sets for the content and clarity of their constructed arguments.


In most of my seminars the final problem of the term serves the equivalent purpose of a final exam in that it requires student to review material studied throughout the semester.  This final problem set has roughly the same number of problems (approximately 10) as other problem sets and all problems sets are weighted equally in determining the student’s final grade.  Nevertheless I usually feel the need to give students a few additional days to complete the final, comprehensive problem set as compared to the earlier problem sets.  

Evaluation of Students
I evaluate the students in my seminars in three distinct areas
 :  

1. preparedness for seminar—20%

2. content and the quality of writing (separately) on the course’s problem sets—50% and 10% respectively

3. contributions to class discussion—20%. 

Note that no class time is allocated to quizzes, tests, or exams.  These devices are not used in student evaluation.  I feel that the problem sets are a better measure of student understanding of the material and provide a better tool to promote mathematical learning, that testing is a poor use of valuable class time, and that  in-class examinations would erode the environment of open discussion that I promote in my seminars.

Preparedness for seminar is primarily determined by the content of the student’s pre-seminar reaction.  Typically students who have not adequately prepared for a particular seminar fail to submit a reaction piece on that date or submit a piece that reflects minimal understanding of the material studied.  Student preparedness for seminar is thus simply measured by the proportion of satisfactory reaction pieces the student submits during the semester.  Problem sets are assessed for both content (correct use of appropriate mathematical techniques) and for presentation (clarity of argument and articulation).

Assessing student contributions to seminar discussion is admittedly more subjective than assessing preparedness for class and quality of work on problem sets.  I try to measure more the quality than the quantity of students contributions to discussion.  Throughout the semester, I encourage students to share their questions and misunderstandings and not just their insights and knowledge.  I attempt to assess student seminar contributions accordingly, but I confess this is a highly subjective process.

ASSESSING BENEFITS AND DIFFICULTIES OF

THE SEMINAR APPROACH
Undoubtedly the lecture-free seminar course as described above requires significantly more time and attention on the part of the student, but the potential payoff to the student is considerably greater as well.  I believe the students who succeed in my seminar courses, the roughly 75% who receive grades of ‘A’ or ‘B’, significantly improve their ability to independently learn mathematics, a skill of tremendous value.  Although I present no formal data here, I feel that the student-active approach to learning involved in seminar-structured courses serves to help students  develop a deep student understanding of the topics studied.   Such a deep understanding may very well translate into longer retention of the ideas.  Furthermore, I feel the seminar approach allows students to take great pride in their mathematical achievements.  Because students who feel confident about their talents and abilities are more likely to engage in subsequent mathematical studies, this could conceivable translate into higher mathematical course enrollments at institutions that offer seminar courses.  


None of the benefits to the student (or institution) described above would be meaningful if the seminar course covered significantly less material than the equivalent, lecture course on the same subject.  There are many courses in which it is imperative for the instructor and students to cover the standard curriculum.  This describes, for example, Calculus I whose topics must be well understood before a student can advance to Calculus II and Elementary Statistics whose standard set of topics must be completed by  students in preparation for subsequent coursework in the allied fields of the natural and social sciences.  Fortunately, my experience suggest insufficient ability to cover standard material is not an inherent difficulty with the seminar approach to courses.  To be sure, certain course policies—most notably not allocating class time to testing and avoiding the relatively slow process of introducing new material via lecturing—result in efficient use of class time.   As a result, to date I have not yet failed to complete the standard collection of topics in any course with a traditionally fixed syllabus.


Just as I believe that students at all levels of mathematical study (elementary to advanced) benefit from a more active approach to their mathematical education, I also believe that historically weak students of mathematics benefit as much (if not more) from the seminar approach as their higher achieving peers.  Students who perform poorly in a mathematics class do so for a variety of reasons the most common of which are insufficient preparation, poor study skills, or lack of interest.  Neither traditional nor seminar approaches to courses can help a student whose prior mathematical education is inadequate.   This problem is most successfully addressed by careful student advisement on appropriate mathematical course selection.  However, the active seminar approach can greatly assist those students in the latter categories who have not developed satisfactory mathematical study skills or have not been inspired by mathematics in the past.  Because a considerable amount of time in my seminars is spent promoting improved mathematical reading skills, I feel my seminars are of particular value to those students who have not already adopted successful quantitative study skills.  My experience also suggests that students who have not enjoyed mathematics in the past can develop a deeper fondness for the subject matter when taken as a seminar.  A student who is apt to tune-out in lecture can often be drawn into lively  class discussion on the very same topic.  


Teaching seminar courses in mathematics is not without its special set of difficulties and challenges.  Because discussion is a vital component of such courses, individual student personalities and group dynamics play an important and occasionally negative role.  Whereas a gifted, insightful student can raise the bar of intellectual discourse in the classroom, a disruptive, disrespectful or simply unmotivated student can have an equally-sized negative impact on the class.   I have had several of this latter type of student over the past few years in my seminars.  Their presence in the classroom was more problematic than it would have been in a lecture-based course.  In each case I arranged individual meetings with the student involved in order to acknowledge and discuss my concern with the student.  Although these conversations were often helpful in my understanding of these students’ in-class behavior, in no case did the problem disappear totally as a result of one-on-one discussion.  Fortunately, I have not yet been faced with the challenge of teaching a seminar in which the behavior of two or more students was problematic.  I have concluded that some groups of students work together well naturally while others do not despite my best efforts.  Sometimes the deck is simply stacked against the well-intentioned instructor who is attempting to promote an intellectually exciting classroom environment.  Issues of personality are greatly amplified in seminar courses as compared to traditional lecture courses.  

Course evaluations written by students in my seminars have generally been positive.  Evidently many students find seminar discussion more vibrant, if not entertaining, than traditional lectures.  Among such recent comments was the following from a first-year student in my recent game theory seminar:

"Of all the courses that I took at [Sarah Lawrence College] this year I think that your course is the one that I came out of with the most tools that I will be able to use in my future.  I was so used to the type of [mathematics] class where the teacher explains the material to be covered, demonstrates such, and instructs students to memorize this material for the test.  Beyond the ramifications of [the content of the course] on my life, I think that the way that it was taught was of tantamount importance.  The course really taught me to think analytically for myself.  This was something that I before had thought was impossible from a mathematical angle.  I perceived math as a plethora of formulas and equations that one must memorize in order to become proficient at.  I now know that while math may be comprised of these things, its existence is far more than that.  It is a living, breathing, evolving process."

SUGGESTIONS FOR IMPLEMENTATION
I am thankful to have been associated with two institutions that permit and encourage teacher experimentation with innovative pedagogical approaches in the classroom.  It is my hope that other faculty members located at similarly progressive institutions might consider experimenting themselves with discussion-oriented courses.  Here I provide (hopefully) valuable suggestions for those who wish to explore in this pedagogical area.  The biggest challenges involved in teaching a seminar course are (1) motivating students to complete work before class, (2) promoting active class discussion by all seminar members, and (3) monitoring student progress and achievement.  

The first few days are of primary importance in defining the atypical structure of the course and in setting the tone for subsequent class discussion.  Right from the beginning students should be told that the course will be structured in a non-traditional way.  Specifically students should be informed immediately that there will be a greater responsibility placed on them for their mathematical learning, that they will be required to read mathematics and attempt exercises on their own before class, and that they will be expected to contribute regularly to class discussion.  I also discuss, in the frankest terms, both my motivation for designing the course as a seminar and my goals for students in terms of content coverage and skill improvement.  Periodically throughout the semester, I find it useful to remind students of the purpose of running the course as a seminar and the ways in which they benefit from this active approach.  By openly sharing my pedagogical philosophy, I believe I make students partners in their own education.  This serves to energize and motivate students:  they are more likely to complete readings and attempt exercises before class if their teacher’s exceptions are clear and if they feel they stand to gain by doing so.  In general, when it comes to discussing course practices and policies with students, I encourage forthright openness.


Encouraging all students to actively participate in class discussion is the most difficult part of teaching a seminar course.  After just a few classes you will be able to identify both those students who are reluctant to speak and those with a proclivity towards dominating class discussion.  You may wish to have individual conversations with these students to encourage them to speak more or less, respectively, in the classroom.  I require each student to make an appointment with me to have an individual conversation about the course policies and expectations during the second or third week of class.  It is during these one-on-one conversations that I address the thorny issue of individual student’s contribution to class discussion.  Also to help balance students’ contributions to discussion, I require that students raise their hands in order to be recognized.  Although I find this policy somewhat childish, I find it necessary to achieve the desired goal of balanced discussion.  

The pre-seminar submissions by students and their subsequent contribution to classroom discussion help me monitor students’ progress in the seminar.  I strongly recommend their use.  If a student is having considerable difficulty or is falling behind in the work,  the problem becomes immediately apparent in the student’s pre-seminar submission or seminar contribution.    Without delay, I initiate discussion with any student who appears to be having difficulty.  As an efficient, non-threatening way to communicate, I find electronic mail an excellent medium by which to discuss and address the problems of students at risk.  


As stated earlier, all of my seminar-taught courses have had enrollments of fewer than 20 students.  Most advanced undergraduate and many intermediate mathematics courses fall into this size category, but typical introductory courses (calculus courses, in particular) can be considerably larger even at smaller institutions.  Although my experience suggests seminar courses can be successful at all levels of the undergraduate curriculum, I do feel that it would be extremely difficult to implement successfully a seminar course with an enrollment of more than 30 students at any level.  With such a large number of students the challenge of motivating all students, promoting active classroom discussion, and monitoring student progress would require an unrealistic amount of time and energy on the part of the instructor.   Therefore, success with the seminar approach for a class with an enrollment exceeding 30 is very unlikely.  For those teachers wishing to experiment with seminar-structured courses, I recommend starting with classes with enrollments between 10 and 20 students.  With success in these smaller-sized classes, one would be in a better position subsequently to offer a seminar course for a larger class of 20 to 30 students.


One could also incorporate both lecture and discussion-based activities in a single course.  I have not chosen to do this because I want students actively involved in their studies throughout the semester.  However, an instructor new to seminar experimentation might be well-served by taking a standard course and allocating a few days to seminar-like discussion.  This would provide the interested teacher with an option for a more gradual and confident transition from lecture-based to discussion-based practices.

CONCLUSION
Successful execution of a seminar-structured course in mathematics (at any level of the curriculum) is contingent upon two central activities.   First, the instructor must motivate, instruct, and support students towards reading mathematics on their own and preparing exercises in advance of class.   Second, the instructor must promote and sustain a classroom environment that encourages active participation of all students.  As students are apt to quickly adjust to a new framework for their mathematical education, professors too can adopt different methods and techniques to sharpen their craft and improve their effectiveness as teachers.  I hope my successful experimentation with lecture-free seminars will encourage other teachers to consider non-traditional formats for their courses.  
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� To appear in the September, 2001 issue of PRiMUS:  Problems, Resources, and Issues in Mathematics Undergraduate Studies


� This paper is a report on the author’s individual initiative and experimentation with discussion-based courses.   Neither of the mathematics departments at Sarah Lawrence College and Oberlin College has adopted unilaterally the seminar as the standard structure for their mathematics courses.  To be sure, a curriculum mixing discussion-based and standard lecture courses is likely to provide the greatest benefit to students of mathematics.


� Syllabi for my current seminar courses are viewable at � HYPERLINK http://www.slc.edu/~dking ��www.slc.edu/~dking�.  Syllabi for other seminar courses listed above are available upon request at dking@slc.edu.


� At Sarah Lawrence College professors have the option of reducing the amount of course credit received by a student for reasons of poor attendance or missing work.  Grades, on the other hand, are traditionally based on the quality of the work submitted.


� A unique aspect of Sarah Lawrence College, each of the school’s semester classes is a 5-credit course involving a traditional classroom component (3 credits) and an individualized student project (2 credits).  This article discusses only the classroom component of my courses.  The grading discussion above describes my method for assigning a grade to the 3-credit component of the course.  A weighted average of the student’s classroom and individualized project grades determines the student’s final course grade.  





