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Abstract

During the past four years OCEPT, Oregon Collaborative for Excellence in the Preparation of Teachers, has promoted the establishment of programs called Excel, based on Uri Treisman's Emerging Scholars Workshop model. To date, Excel programs have been implemented in over twenty departments in over a dozen universities and community colleges in Oregon. The collaborative nature of Excel and its use of peer assistants can aid in the recruitment and development of future teachers. Excel classes are taught in conjunction with regular undergraduate math and science courses such as college algebra and chemistry. Students opt to take the add-on Excel classes for credit on a pass/no pass basis. Excel classes, or workshops, are designed such that students work in small collaborative groups solving challenging problems related to the work they are doing in their regular classes. The workshops may be led by instructors, graduate students, or by alumni of previous Excel classes. These student leaders and helpers get a realistic exposure to teaching. In addition, the students in the class take on the role of peer teachers as they help one another in solving problems on the worksheet of the day. Many students find out for the first time that they have a talent and interest in teaching as a result of taking an Excel class. The Excel workshop classes also give observing instructors an opportunity to identify, encourage and recruit students who have a natural ability to teach. Excel-like programs can provide unique opportunities to attract students into the teaching profession.

“Four heads are better than one.  You learn best when you help others!”

“...Excel helps you to meet other people and see their techniques in solving difficult problems.”

“To my surprise, the worksheet problems were much more complicated and required more thought than our assigned problems.  They helped me understand the materials at a much higher level.”

“I am understanding and learning in different ways thanks to other students.”








— quotes from Excel program students
What is Excel?

Imagine a room full of students working together in small groups as they solve relatively challenging problems in mathematics or science.  Sometimes the room is quite noisy.  Frequently there is laughter.  Always there is conversation about the math or science.  This is Excel—a program designed to give students the opportunity to collaborate in their learning of mathematics and science.  Excel workshops provide a structured schedule (1–3 meetings per week in addition to the regular class meetings) for students to work in small collaborative groups solving challenging problems related to the work they are doing in their regular classes. The workshops may be led by instructors, graduate students, or by alumni of previous Excel classes.    

Background


In 1975-76, Uri Treisman conducted a study at the University of California, Berkeley.  He documented the study habits of a group of 20 African American and a group of 20 Chinese American students enrolled in introductory calculus [1].  These two groups of students experienced sharply contrasting success in calculus (the Chinese American students excelled while many of the African American students failed).  The usual hypotheses that might be offered to explain this were simply untenable, for Treisman found that the differences in academic success could not be attributed to differences in motivation, inadequate academic preparation, lack of family support for higher education, or differences in socioeconomic status.  Rather, Treisman found that the most striking difference between these two groups were in how they viewed what "studying math" meant.  The African American students tended to work in isolation, rarely consulting with other students or teaching assistants.  In effect, these students had compartmentalized their daily life into academic and social components.  In contrast, the Chinese students often met in peer study groups and had integrated this activity into their social lives. 


Out of this experience, Treisman developed the Mathematics Workshop Program.  The idea was to provide supplementary peer collaborative problem solving experiences in a social atmosphere for students enrolled in introductory calculus.  Now called the Emerging Scholars Program, it has enjoyed success in increasing the representation of African American and Latino mathematics majors (Treisman replicated the program at University of Texas at Austin starting in 1988). The model has been adapted at many other campuses, to different levels of mathematics instruction, and to other subject disciplines such as biology, chemistry, and physics.


The goal of many Emerging Scholars programs is to increase both the success and the participation of underrepresented students in mathematics through collaborative problem solving. What constitutes an underrepresented target group varies – it could be women students, students of color, students with disabilities, students from rural backgrounds, etc.   Bonsangue [2] [3] found that the minority students in the Emerging Scholars workshops at University of California, Pomona, when compared to minority students not enrolled in the workshop, achieved significantly higher grades in the calculus course.   At the University of Kentucky, Michael Freeman founded the Excel program, based heavily on the Emerging Scholars model, and encouraged adoption of the model not only in mathematics but also in biology, chemistry, and physics. The target population of the Math Excel program at UK consists of students from predominantly rural communities.  Freeman [4] found that the students enrolled in these Treisman style collaborative workshops consistently achieved higher grades than students not in the workshop.

OCEPT - Oregon Collaborative for Excellence in the Preparation of Teachers


The National Science Foundation awarded funding from 1997-2002 to the Oregon Collaborative for Excellence in the Preparation of Teachers (OCEPT).  The project involves virtually all of the public universities and community colleges as well as many private colleges in Oregon involved in the preparation of mathematics and science teachers. An explicit goal of OCEPT from its beginning has been the promotion of Excel-like programs in mathematics and science based on Treisman's Emerging Scholars model.  In this paper we’ll discuss the key elements in implementing Excel programs.

How does the implementation of Excel relate to the overriding mandate of OCEPT to improve teacher preparation?   The impact is two-fold.  First, if Excel programs can be successful in improving the success and participation of underrepresented students in mathematics and science, then the pool of these students qualified to teach mathematics and science is also broadened.  Admittedly, this is a somewhat indirect impact on teacher preparation, though critically important to increasing diversity of the teaching force.   In this paper, we will also discuss the more direct impact Excel programs can have in identifying promising potential teachers and for recruiting college students to consider teaching as a career. 

Implementing an Excel Program








The key elements of a successful Excel program are the people (students and leaders), the process (collaborative learning in a supportive social atmosphere), and the problems (worksheets providing rich and substantive problem-solving opportunities).   

STUDENTS


Excel programs should not be viewed as either an “honors” program for academically gifted students nor as a remedial program intended for students who are underprepared for the corresponding mathematics or science class.  Nevertheless, Excel students distinguish themselves by their motivation and commitment to faithful and prompt attendance at the workshop sessions.  Most Excel implementations enforce a strict attendance/punctuality policy. It is important to have some tangible “carrot” (or “stick,” depending on your point of view) such as additional academic credits awarded on a pass/no pass basis.  As one example, in the Excel program at Oregon State University more than two absences throughout the term results in a “no pass” grade, with late arrival or early departure from a workshop session counting as half an absence.  Since it is rare for college courses to have such an attendance policy, it is optimal to discuss it with potential Excel students before they register and to have each Excel student formally acknowledge the policy on the first day through a signed “contract.”  

SETTING EXPECTATIONS FOR COLLABORATIVE LEARNING


Students bring varying degrees of experience with collaborative learning to the Excel program.  Thus, it is important to spell out clearly the expectations the students should have of each other.   Identifying good (and bad) group behaviors early (perhaps through a whole-class brainstorming session) is crucial to setting the tone.   Showing respect for other members of the group, coming prepared to work and participate, being an active contributor and listener, and providing encouragement for one another’s efforts are the most essential attributes.  


The specific rules for group work should also be spelled out carefully.  For example, it may be permissible for a group to choose to work on the day’s worksheet problems in some other order, but this should be a group decision and all members of the group should be working on the same problem at the same time. 

LEADERS


The workshops may be led by instructors, graduate students, or by alumni of previous Excel classes. Ideally, the ratio of leaders and assistants to students should be somewhere in the range of 1:8 to 1:12 (thus, for an Excel workshop of 24 students a leader and 1 or 2 assistants are optimal). Leaders and assistants play the role of facilitators and rarely, if ever, provide direct instruction.  Adapting to this role is perhaps hardest for instructors who are experienced lecturers. It can be difficult to fight the urge to demonstrate solutions, especially to a group of students who are struggling with a problem.   Asking the right question at the right time is the most valuable help that an Excel leader can provide.   

Leaders and assistants rotate around the room and monitor the discussions as listeners first and foremost.  They may join in on the discussion of a problem if they sense that the group’s  participants are “spinning their wheels.” Hints or probing questions should be offered only to check on students’ understanding or provide just enough information to get the group back on track.  Keeping with the analogy of a car spinning its wheels, an assistant should not act as a tow truck, but rather point out that tire chains be considered, or at most, lend a helpful push.  A group of students could also be invited to consult with another group that has made some progress on the problem.  If all the groups are struggling with the same problem, then it may indeed be appropriate for the leader to call “time out” and discuss the problem with the whole class. At the end of a workshop session, the leader can provide a summary of the some important concepts emphasized in that day’s problem worksheet.  (Whether or not to provide a solution key to the day’s worksheet is a decision made by the leader.)

While a social atmosphere is welcomed in Excel workshops, students may stray into too much off-task conversation. The presence of leaders and assistants also helps students stay on task.  A leader also plays the role of cheerleader.  This becomes especially important as fatigue sets in toward the later part of the term or semester and students may need extra encouragement to persevere.  

WORKSHEETS 


The fuel that makes an Excel workshop run is the problem worksheet. Putting together a good worksheet is one of the most important duties of an Excel workshop leader.  With that said, it should not be viewed as a chore requiring tremendous creativity.  The characteristics of a good worksheet are:

relevance – students should be able to tell at a glance that most of the problems on the worksheet pertain to material they are studying currently in the corresponding class. It is OK for a problem to anticipate or foreshadow material that will soon be addressed in the corresponding class.  Problems that may be very interesting to the leader but are only peripheral to the content of the class should be avoided.

challenge – most worksheet problems should be challenging enough to stimulate students to work together and discuss them.  Some fairly routine problems aimed at building basic skills are fine, especially as early “warmups.”   However, keep in mind that student discussion of such problems tends to be limited to comparing individual answers.  At the other extreme, including one or two very difficult problems is appropriate, especially to challenge the better students, but too many of these on a worksheet can be discouraging.     

variety – a mix of problems helps keep students engaged.  As mentioned above, a few routine problems as warmups are good to include, followed by more challenging problems.  Alternative textbooks for the regular class (i.e., a textbook different from the one being used, but appropriate for the same course) can be a good source.  (Go for the “C” part of the homework sections – those problems or questions you might avoid for regular homework because they are too difficult might be just right for Excel!)   Problems that illustrate applications, require interpretations of graphical or tabular displays of data or quantitative relationships, or questions that expose commonly held misconceptions are great types of problems for Excel worksheets.  Finally, an especially difficult problem or two at the end can ensure that even the best students do not finish early.  There is no quota of problems to be finished on an Excel worksheet.  The aim is to keep all students actively and productively engaged in problems solving throughout the workshop.

The OCEPT Excel Experience


To date, Excel programs have been implemented in over twenty departments in over a dozen universities and community colleges in Oregon.  These programs have evolved to fit the needs of the particular departments and institutions.  Not all have employed the “Excel” label.  For example, the Excel program at Linn-Benton Community College is called TIPS (Teams Involved in Problem Solving).  In some cases, other variations of the collaborative learning model have been adopted, such as PLTL (Peer Led Team Learning), another NSF funded effort that employs undergraduate leaders of groups of 8-12 students in work sessions connected with mathematics or science courses.  The central idea of having peers collaborate in teaching each other mathematics or science is common to all of the programs.  Below is a list of the institutions and subject areas in which peer teaching programs have been implemented as part of the OCEPT Excel strand.

Peer Teaching Programs in Oregon Community Colleges and Universities




School



Academic Disciplines

Blue Mountain Community College 

Mathematics

Central Oregon Community College  

Mathematics

Chemeketa Community College  

Chemistry, Mathematics

Linn-Benton Community College 

Chemistry, Mathematics, Physics

Portland Community College 


Biology, Chemistry, Mathematics

Treasure Valley Community College 

Mathematics

Umpqua Community College 

Mathematics

Eastern Oregon University 


Chemistry, Mathematics

Oregon State University 


Chemistry, Mathematics

Pacific University 



Chemistry, Mathematics

Portland State University 


Chemistry, Mathematics

University of Portland 


Biology, Chemistry, Mathematics

Western Oregon University 


Biology

Impact of Excel in Identification and Recruitment of Teachers


For students, clearly the extrinsic motivation of earning better grades in their mathematics or science courses is usually behind the decision to try Excel.  In that regard, Excel can certainly pay off (see [5] and [6] for documentation of some of the academic performance gains realized by students in OCEPT Excel programs).  With respect to improving the success and participation of underrepresented students, an ongoing challenge is in recruiting of students from the targeted groups into the program.  As for the more specific goal of OCEPT in identification and recruitment of students to consider mathematics and science teaching as a career, we believe Excel programs hold real promise.    

Here are some of the ways in which Excel programs can help:

*Changing attitudes about teaching and learning mathematics or science

Just as Treisman sought to change student attitudes about what “studying” meant (to include the social dimension), it is natural that student attitudes about teaching and learning may also change.  As part of its evaluation efforts, OCEPT has regularly conducted Student Goals and Interests Surveys to identify students who may be interested in teaching as a career.  As part of the end-of-course student evaluations of Excel, students respond directly to questions regarding whether there have been changes in this interest.  While often modest, each Excel class has reported an overall gain in interest in teaching, and in a few cases the gain has been striking.  

*Awakening and identifying the “natural” teacher

To be fair, it would be unrealistic to expect the Excel experience in and of itself to radically change the career plans of legions of students.  Many students come to Excel with a career path already firmly in mind and Excel represents a means to a desirable end – a better grade in a required mathematics or science course.   For a few students, however, Excel can reveal undiscovered joys of teaching.  The satisfaction that comes from successfully explaining a difficult concept to a peer or in offering the “Aha!” insight at the right moment can be profoundly rewarding.   Alumni of an Excel workshop make the best student assistants, for they are already familiar with the model and can provide testimonials to its effectiveness.  More importantly, the opportunity to work as a  student assistant provides a nice transition to increased responsibility in a supportive atmosphere.  The leaders and assistants, in turn, are in perfect position to observe peer teachers in action (much more so than in a traditional instructional model) and to provide encouragement of students who show a talent for teaching to consider that as a possible career path.

*A Collaborative Learning Practicum

We must also mention the attractiveness of assisting with Excel for students already interested in teaching.  Some pre-service teachers and graduate teaching assistants have sought out the opportunity to assist or lead an Excel workshop in order to gain experience in facilitating collaborative learning.  

Concluding comments

With good reason, Uri Treisman’s Emerging Scholars model has been emulated by programs such as Excel with the aim of improving the success and participation of underrepresented groups of students in mathematics and science.  This is an admirable goal in and of itself, but other benefits can also be derived.  Excel-like peer teaching programs can provide unique opportunities to attract students into the teaching profession.

Acknowledgments

We would like to formally thank the NSF-funded OCEPT (Oregon Collaborative for Excellence in the Preparation of Teachers) project for its support of Excel programs throughout Oregon.  We would also like to express special appreciaton to Professor Emeritus Michael Freeman of the University of Kentucky for his inspirational and evangelical encouragement of Excel programs everywhere.   Thanks, too, to the Dana Center of the University of Texas at Austin for providing their Emerging Scholars instructors’ workshop.

About the Authors

Tom Dick is professor of mathematics and director of Oregon State University’s Math Learning Center and Math Excel program and a co-leader of the Excel strand for OCEPT.  Tom Stone is a former president of the Oregon Council of Teachers of Mathematics, a Teacher-In-Residence at Oregon State University, and a co-leader of the Excel strand for OCEPT.  Kay Firor is a college algebra instructor and the leader of Math Excel at Eastern Oregon University.  Anna Cavinato is a professor of chemistry and the leader of Chemistry Excel at Eastern Oregon University. 

References

1. Fullilove, R.E., & Treisman, E.M. (1990).  Mathematics achievement among African American undergraduates at the University of California, Berkeley: An evaluation of the mathematics workshop. Journal of Negro Education, 59(3), 463-478.

2. Bonsangue, M. (1994). An efficacy study of the calculus workshop model. Issues in Mathematics Education, (4) 117-137.

3. Bonsangue, M.V., & Drew, D.E. (1995, Spring).  Increasing minority students' success in Calculus.  New Directions for Teaching and Learning, 61, 23-33.

4. Freeman, M. (1998). Math and science on a personal level.  (ERIC Document Reproduction Service No. ED 416 936)

5. Duncan, H., & Dick, T. (2000) Collaborative Workshops and Student Academic Performance in Introductory College Mathematics Courses—A Study of a Treisman Model Math Excel Program. School Science and Mathematics., 100, 365-373. 

6.  Cavinato, A. G.,  & Nafshun, R. L.  (2002) Workshops in Chemistry: Active Learning Strategies To Support Success In Introductory Chemistry Courses.  Unpublished manuscript.


