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Abstract:  How do you reach students who do not think that they are interested in your subject?  [In my 26 years of teaching, I have seldom had the opportunity to teach a physics course to a class filled with physics majors.  I have taught physics to engineering majors (who should have some interest), physics to biology majors (who have little interest), and natural science to arts and business majors (who usually dread the prospect).  Through all of this, I have managed to obtain very high student evaluations.]  The first rule is to show enthusiasm and love for the subject.  The second is to give the students an overview of the subject and a framework for the material.  The third is to realize that everyone already knows a lot about your subject though they may not realize or acknowledge that they do, and then to connect with what the students already know.  The fourth is to provide practice opportunities (best if they are graded) for students to master the required skills.  The fifth is to actively work with the students to remove all excuses for failure.  Examples of each of these will be provided.


How do you effectively teach students who are not necessarily interested in your subject?  I give here five empirical rules I have developed and followed based on my 26 years of teaching.

I.  Show Enthusiasm and Love of Subject


People generally like to be around "fun" people.  People also like to do "fun" things.  This holds true in teaching.  In reviewing many student evaluations as dean, I often find instructors, who have good student evaluation numbers, have student comments saying that the instructor is "enthusiastic" or that the professor "makes it fun and interesting".  Of course, there is always the danger of making a course into an entertainment show rather than a learning experience.  In my view, the trick is to show the students that the subject is the source of the fun, not the instructor.  I encourage every teacher to show the students why he or she finds the subject worthy of study - not just because it is "useful", but also because it is "fun"!  It is not enough, however, to "tell" them that the subject is fun.  You must show them.


One way that I show physics is fun is by doing demonstrations in class.  Sometimes these demonstrations are very elaborate and involve lots of equipment.  Other times the demonstrations are spur of the moment and/or done with things at hand.


Another way I show that physics is fun is to suggest surprise (absurd) answers to some of my own questions.  These funny answers may involve making puns or otherwise taking a word and using it in a different than expected context.  Here is one example:  Question: why is the sky blue?  My fun answer: because it is cold high up in the sky and so the sky turns blue from the cold.  Funny, absurd answers show that there are many connections that you can make with the material.  One test of how well you know something is to see how many connections you can make with other things you know.  The more connections you can make, the more chances you have of remembering the material later.

II.  Provide a Framework for the Subject


There are many sources of information today about almost any topic you can image.  The library is filled with books and journals; the internet is filled with websites.  The problem with courses is not a lack of material, but rather the opposite:  too much material.  While it is the job of the department to decide on what the important elements in a course are to be, it is the job of the instructor to clearly identify those elements for the students and show how they are related.  Many students have identified memorizing everything as an effective strategy for passing courses.  This strategy has served these students well in the past - at least grade-wise.  But there is simply too much information for people to memorize at the college level.  More importantly, we also have the task of showing students how to use information, not just to store it.


One of the main questions for an instructor, then, is how to organize and present the material in a way that students: 1) can see where the course is going;  2) can identify the major elements; and 3) distinguish the major principles from the details.


The first tool the instructor should use is the course syllabus.  In the syllabus, the instructor should explicitly state the goals for the course.  This is the perfect place to identify the major topics in the course.  It is also a good place to identify other goals.  For example, one of my goals for the introductory physics courses is to give the students a sense of the size of various things.  I list that as a goal for the course in the syllabus, and then I continue throughout the course talking about it whenever a new quantity is defined.  As I talk about the size, I remind them that this is one of the goals of the course.


I also use study guides that I prepare for each part of the course.  The study guides contain a brief introduction that shows how the section fits in with the course.  They also contain an outline of the new section with the major topics specified.  This is followed up by my own study questions (with answers).

III.  Build on What Students Already Know about the Subject


One of the quickest ways of turning students off is to ignore the fact that students know (or at least think they know) something about the subject.  Everyone who comes to college has lived in the world and has had to make some kind of sense of it.  If you ignore this, you run the risk of having the word "boring!" used for your course.  One tactic I use is to ask the students about the topic at hand.  Once they give me their answers, I ask them how they know that. Did they directly observe it themselves? Did someone else tell them?  If so, why do they trust that someone?  Is it common knowledge?  If so, is all common knowledge really true?  The important thing is to get them to start questioning what they know.  Then they can begin to be open to the idea of verifying what they know and to looking at other explanations.


One of the problems we encounter is that students often seem to study for the test, and then after the test is over they act as if they never heard of any of the material.  One way to fight this short-term view of schoolwork is to try to make the material "real" to the students.  Above, I indicated that it was important to acknowledge that the student does know something about the subject matter.  If you have already done this, then relating the material to what they already know is fairly easy.  I tell my students that in this class we will verify their common sense, and then try to extend that common sense into the uncommon.  When you really know something, you usually have many connections among the things you know.  To truly reach the student, you have to try to make as many connections as possible of the new material to what the student already knows.


One important way to make the material real to the student happens at the end of a problem.  I strongly suggest that you ask the students if the answer that was obtained makes sense.  Students (and teachers?) usually think that if they followed the right process, then their answer must be right.  All too often, though, either there was a mistake made in the process that wasn't caught, or there were some assumptions made in the beginning that were not valid.  To really engage the students, it is important to ask if the answer makes sense.  This allows you to model the behavior of the experts, who always are checking their answers as they proceed.  It also allows you to re-establish the connection between the course material and the students' perceptions.  It allows me to again bring in the goal of understanding sizes (amounts).


I try to incorporate questions into my tests that are similar to those I ask in class.  This re-enforces the idea that this type of thinking is important.

IV.  Provide (Graded) Practice


If you do take the time to relate to students, (follow part III above), you find that this takes precious time in class.  By adding class time to one aspect of a course, you must necessarily subtract time from another or reduce the amount of material covered.  I have tried to devote more time to "talking with students" in class to try to make the material real and relevant to them, and so I have to find some aspect of the course in which to reduce class time.  The one area I have found to reduce is the time for practice.  I still regard practice time as very important to the learning process.  Seeing how something works or seeing how to use something is an important step in learning.  But the drill and practice aspects are something for which algorithms can be specified.  


Students get the most benefit from examples if they work through the examples themselves instead of just seeing others do it.   I have developed, along with a couple other physics professors including Dr. John Varriano of CBU, 42 sets of computer assisted homework problems.  These programs display problems, record student responses, and give immediate feedback to the students on their work.  The programs include a random number generator so that the problems are different each time a student runs the programs.  This eliminates copying, and so reduces (but does not eliminate) "cheating".  Since the computer grades the student work, my only duty is to receive and record the results.  The student response to this type of work has been generally very positive.  Since the computer can generate as many problems as the student needs, the student can practice as long as necessary to get the process correct.
 I tell the students that this type of homework emphasizes the importance of getting the answer right.  I put on my tests questions that come from the computer homework to re-enforce the importance of being able to actually solve problems.  This gives further incentive to students to actually do the homework problems.


In addition to the computer assisted work, I require a limited number of (usually 9 or 10) written homework problems.  These problems must be done according to a specific problem solving paradigm that I specify.  I tell the students that this paradigm is not meant for the two cases of problems that they are most familiar with: the obvious and the impossible.  However, it is the way experts attack problems that people pay them to solve: those that are not obvious, but that are not impossible either. The second objective in this type of homework is communication.  Students must learn how to convince others that their solution is in fact correct, and this paradigm gives them a model to follow. This type of regular homework is more susceptible to copying, but even the process of copying can provide some benefits.  Students often complain initially about the long process, but as the semester goes on, more and more students see the usefulness of the process.


A third way to add examples to the course without taking much class time is to put worked-out examples into hand-outs for the students.  I do this through Powerpoint.  All of my lectures are put into Powerpoint, and I incorporate examples into the slides.  I do not just read my Powerpoint slides in class, though.  This would be "boring!".  I do show the slides in class as I "talk to the students" to keep both me and the students on track.  I make the slides available to the students in two formats on the web: as .ppt documents that can be downloaded, and as .html web pages that can be viewed on a browser.  With the examples worked out in detail on the slides, I can quickly scan through these during class, emphasizing where to start and how to proceed without getting bogged down in all of the detail.

V.  Remove Excuses for Failure


Human beings have a great talent to rationalize.  If you give people even half a chance to blame someone else for their failings, most jump at the chance.  It is my contention that a really good teacher will remove as many of those chances to blame someone else for failure as possible.  This process entails some extra work for the teacher, but I think the payoff in student learning justifies the effort.


The most important tool to remove excuses is the "redo".  If a written homework assignment is not turned in on time, or if it is not adequately done, I offer the student a chance to redo the assignment instead of getting a 0 or other low grade.  I don't allow a redo to count for full credit since I don't want to encourage procrastination, and I don't want to burden myself with grading at the end of the term.  However I allow the student to get up to 80% credit if they receive a grade lower than 80% on any homework or fail to turn in a homework on time.  This redo policy is intended to encourage students to "get it right", even if that means that they try two or three times.  There is a lot of learning that goes on in reviewing the "red ink" on the corrected homework.  Without this chance for a redo, I fear that most of my "red ink" remains unread, and hence ineffective.


I also will drop one test score from the final average.  This again removes the excuse that "I just had one bad day".  In some cases, I will allow a test to be redone in the form of homework to raise the grade.  I usually will do this for only one test, (the student may choose which test to redo), and the grade may be increased at most by half: if a student got a 20, they can raise it to a 60; if a student got a 60, they can increase it to an 80; if a student got an 80, they can increase it to a 90; etc.  This scheme keeps the relative grades the same.  Also by just correcting the incorrect parts of the test, those who get to raise their grade the most have to do the most work.


As you can readily see, this "redo" policy adds more grading to my workload.  However, I find that students learn much more from my "red ink" this way than if I didn't have this policy, and it tends to remove the ability to blame someone else (me) for their poor showing.


While each of the five rules above has value in itself, there is even more value if the rules work together or with other guidelines you have developed.  For example, I use demonstrations in class to make the subject fun (rule I).  Demonstrations also make the subject more real (rule III) and more visual.  In the 7-step problem solving paradigm I use (rule IV), step 2 is "define the situation".  In this step I require the students to draw a diagram for the problem.  This is very visual (something humans are good at).  It also makes the problem more real to the student (rule III), rather than just an exercise in calculation.


To see an example of the materials I have for courses, including syllabus, study guides, computer assisted homework, and powerpoint slides, visit my PHYS 201 course web page at:  http://www.cbu.edu/~jholmes/P201/intro.html .

