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Abstract
To improve student motivation and introduce extra-curricular topics, we have created a series of essays titled “What is Physics Good For?” These essays are posted weekly on our course Web sites, and are followed by research questions for which students may earn credit. By focusing on topics with overt connections to students’ daily experiences, these essays help concentrate students on the course and encourage them to “see” the physics topics that surround them. The essays promote science literacy, and have the additional effects of causing students to practice their writing skills, and to gain experience using the Web as a resource.
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Introduction

Motivating students is one of the fundamental challenges facing educators in science and mathematics. Many students work hard, but all too often the motivation is a grade rather than understanding. It is a very rare (or very young) professor that has never heard the question “Is this going to be on the test?” Many methods can partially obviate this problem, including collaborative learning[
] and the use of multimedia. However, these methods address students’ in-class attitudes. Once they leave the classroom, time pressure (often combined with poor study skills) can sap a student’s motivation. This problem is particularly severe in presenting difficult, abstract subjects such as magnetism or conservation of momentum. Many students find such subjects difficult to grasp and are unsure that they are unimportant to their careers. Since we consider these subjects important, we must find ways to help students recognize their significance.

While motivating students to learn subjects that are central to a course is difficult, motivating them to learn subjects that are peripheral is almost impossible. Unfortunately, these secondary subjects are often important to students’ overall science literacy. Even in classes for science and engineering majors, students who feel pressed for time will not willingly study material that offers no academic rewards. In a course that focuses on basic content and problem solving skills, students often neglect special topics, to the detriment of their educations. Consider an example. The authors teach an introductory physics class for scientists and engineers that covers electricity, magnetism and optics. During the unit on optics, it is natural to cover the origin of rainbows; the physics is within our students’ reach, and the phenomenon is familiar and appealing. However, the derivation of the important equations is somewhat laborious and is more illustrative of geometry than of physics. In short, it is inappropriate either for a lecture or for homework. Yet we cannot in good faith let the subject go and allow students to leave our class completely ignorant of this subject.

The issue of science literacy is even more compelling in introductory courses that students take to satisfy general university requirements. In most cases, students will take only a single science course in a given discipline, and that class is likely to be a large, lecture format class. In spite of these difficulties, there is a growing realization that students’ science literacy is an important goal for reasons of economic competitiveness and as an essential ele​ment to representative democracy.[
]

This paper will discuss our use of on-line enrichment materials to address both motivation and science literacy. The materials focus on a broad range of topics, and help students make connections between their lives and careers on one hand, and abstract content and problem solving skills on the other. Using these materials, we help our students stay motivated to keep up with the course, and we establish high levels of student-faculty interactions that help make our classes more productive. As an additional benefit, students practice their writing skills and learn to locate information on the Web.

Our enrichment materials, titled “What is Physics Good For,” cover a variety of topics, usually with an emphasis on the physics of everyday phenomena and devices. By combining this weekly essay with a short research assignment (submitted by e-mail) and other electronic and written work, we keep our students in daily touch with physics and with their instructors. Our goal is to ensure that physics occupies a central position in their lives for the duration of the course. Ideally, they will begin to “think in physics” in much the same way that students think in French while studying that language.

Overview of our Web Site

Our Web site provides students several key features that promote engagement and interest in a variety of ways. A course newsletter titled “This Week in Physics 251” is posted each Monday morning. This page contains course announcements and science news items. Mid-week editions are posted if science news develops during the week, or if administrative announcements are needed. Thus, students generally visit this page several times each week. This helps students stay focused on the course, and helps commuting students (a large segment of our population) stay connected to the university community.

Our Web site also includes a weekly “Puzzle” and a series of “WarmUp Exercises.” These assignments are due on lecture days two hours before class. The faculty use student responses to these questions to adjust and organize the lectures according to students’ difficulties revealed in their answers. This helps students stay engaged in lecture, in a manner similar to Mazur’s Peer Instruction method.[
] Because the WarmUp Exercises are due before each lecture, while written homework is due before each recitation, our students have an assignment due every day. This “drumbeat” also helps students stay focused on and in touch with the course. Our use of Warm​Ups, known as Just-in-Time Teaching (JiTT) has been described in detail elsewhere.[
],[
] 

A last key feature of our site is a “communications page” that affords students several methods for keeping in touch with one another and with the faculty. In addition to providing faculty contact information (phone # e-mail, etc.) this page also offers an electronic suggestion box. This allows students to send messages to the faculty anonymously. We encourage students to use this facility whenever they see fit, e.g., to ask that a previous subject be revisited in lecture, or to air complaints. We also maintain a course bulletin board on the communications page. This allows students to communicate with one another. The primary uses are sharing tips on the more difficult homework assignments, arranging “study sessions” and mutual commiseration, particularly during the few days preceding each exam.

What is Physics Good For?

Each week, we include an essay titled “What is Physics Good For?” (WIPGF). This essay is brief enough to read while still offering a reasonable introduction to its subject, typically 500-1000 words and a few figures. Our goal is not to provide a complete description of our subject. Rather, we strive to entice our students with just enough information to spark their interest. Links to further information on the subject and related topics are included throughout the body of the essay, and in a set of “further reading” links at the end.

A major goal of “What is Physics Good For?” is connecting the treatment of physics provided by the text to our students’ daily experiences. Thus, two categories of subjects that we often use are weather and common technology. As an example, the first WIPGF in our electricity and magnetism course is often about lightning. Everyone has first hand experience of lightning, yet few of us know much about it. Providing answers to questions like “How much energy is released?” and “Does lightning strike up or down” allows students to become instant experts among their friends and families. Thus, by the end of the first week of class, they have gained a feeling that their study of physics is going to be interesting and worthwhile. Furthermore, they have connected their physics class to a phenomenon that is going to show up many times. Every time they see a storm brewing, they will be reminded of class. The beginning of the lightning essay is excerpted in Fig. 1.

[image: image1.wmf]
Fig. 1 The What is Physics Good For essay about lightning. Note that the text stresses the importance of understanding dangerous phenomena, and that the text contins links to related subjects (B. Franklin).

A typical example of common technology is the telephone. While studying Faraday’s law of induction, it is natural to discuss devices that are based on this principle, such as microphones and the playback head in an audio tape deck. However, the telephone (through the microphone) is an ideal choice because it is pervasive. In the WIPGF essay on telephones, we briefly discuss the physics of the microphone, but we also discuss the history of the device, the life of Alexander Graham Bell, and the controversy that still surrounds Bell’s claim of primacy. The effect of this lesson is similar to that achieved with the discussion of lightning. Students are given a direct link between the dry generalities of the text and a practical device upon which their lives depend. They also gain a topic of conversation that allows them to demonstrate the utility of their studies to their (occasionally skeptical) coworkers and families. Most importantly, they are reminded of their physics class every time they see or hear a telephone.

Controversy and “human interest” in science (or technology) history is also intriguing to many students. One of the most popular WIPGF essays concerns the bitter struggle between Thomas Edison and George Westinghouse over the use of ac vs. dc power systems. One of the most common faults of science education is its tendency to present subjects as if only a single outcome were imaginable. All of the controversies are swept aside in favor of a logical development of the underlying theory. Unfortunately this causes students to feel that the subject matter is dead, utterly devoid of human character, and inaccessible to all but the most mechanical understanding. Worse, students never see the scientific process at work. The process by which knowledge is refined and advanced is never mentioned. A discussion of a case in which great minds clashed, often brutally, is an ideal way to bring students a greater understanding of this process.
 This essay also causes students to think of physics whenever they turn on a light or heat their morning coffee.

The WIPGF on photocopiers, illustrated in Fig. 2, combines the elements of a common technology with a good human interest story.
 The physics of the photocopier is not exceptionally complex, but it does require an understanding of several basic notions (insulators vs. conductors, surface charge density) that are introduced during the first few classes. By using this WIPGF in the second week, students quickly see a topic that they can understand based on their recent work that would have previously been inaccessible. Of course, this essay also causes them to be reminded of physics whenever they need to make copies.

When scientific discoveries receive media attention we often take the opportunity to treat the subject in question. For instance, each fall the Nobel prize in physics (or chemistry) becomes the subject of WIPGF. We have also used WIPGF to discuss the purposes of major space shuttle missions and other NASA projects, and to discuss unusual natural phenomena such as last summer’s “El niño.” These subjects help ease students into the world of physics research. By focusing on topics in the news, the WIPGF retains its goal of helping students connect the course to their everyday lives. However, some quite advanced topics can be brought in and explained in the terms that the students have learned up to that time in the courses. Once again, this affords students the opportunity to be the experts on a news item among their family and friends.

[image: image2.wmf]
Fig. 2 The beginning of a “What is Physics Good For?” on the subject of photocopiers. Note that the beginning of the piece stresses the relevance of the technology, and introduces a link to a historical subject.

On occasion, perhaps once or twice during each semester, the WIPGF focuses on a research topic that is unrelated to the students’ experience. Students will accept such topics at this rate, particularly if the subjects are intriguing (cosmology, or superconductivity) or if visually striking illustrations can be used; scanned probe or electron microscopy are such subjects, as are many subjects in astronomy. Fullerenes are another subject for which many interesting images are available, as illustrated in Fig. 3. So long as these research topics are infrequent, students find them to be a worthwhile break from the more mundane topics. However, these subjects must be carefully chosen. In some cases, such topics can be introduced in answer to questions raised by students in lecture. For example, a discussion of quarks (and the standard model in general) can be introduced in answer to questions about charge quantization. Timing is also an important issue. It is unwise to attempt to handle modern research topics too early in the semester. We usually spend at least 5 weeks on “everyday” subjects before introducing an advanced topic.

Getting students talking

Even a series of brilliant essays on carefully chosen topics will do no good if students do not look at the Web site. In our first semester using WIPGF at IUPUI we found that only the most motivated students knew what topics we were writing about. Informal discussions with several students indicated that many, students perhaps the majority of the class, refused to even look at the Web site unless it offered some possibility of earning credit. Several students mentioned a fear of spending too much time on the Web, particularly if there were interesting material.
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Fig. 3 An excerpt from a “What is Physics Good For?” about fullerenes. The use of visually striking graphics can help engage students interest in complex research topics.

As a result of these discussions, we decided to offer “extra credit” associated with WIPGF. Each essay is followed by two to five research questions that require students to follow the links in the text or use other sources to answer. These questions usually have the same themes as the primary essay (everyday applications, biographical or historical information), and sometimes involve brief calculations or call for order of magnitude estimates. The amount of credit is quite small: about 75 points during the semester (as compared to 1000 points of regular credit for exams, labs, etc.). However, this amount is adequate to achieve substantial participation. In a given week, approximately two thirds of the students submit some answers, and about 90% submit at least occasionally.

All of the information necessary to answer these questions is available on the Web, and most can be found in the links from the original article. However, we encourage students to use several common search engines directly. As an example, consider the following questions from the set following from the essay about photocopiers:

1. What is the origin of the word "xerography"?

2. How long a time passed between the invention of the machine and the time a company decided to manufacture them.

3. Did Chester Carlson get rich from his invention? 

These questions each have a particular goal in mind. For instance, the first question regards the etymology of a technical term. It is not important that students know the origin of the term “xerography,” what is important is that they come to realize that our technical language is sensible, and that they can often gain insight into difficult concepts by looking carefully at the words used, rather than simply giving up and considering scientific language to be an impenetrable code. To emphasize this lesson, we often emphasize the origins of technical terms when they are first introduced. Of course, many students are pleased to have learned the origin of a term that they have been using, in some form, for most of their lives.

The second question deals with a specific example of a  general scientific literacy issue: how long a time can be expected to pass between laboratory science and commercial application? Carlson first demonstrated the basic principle of his device in 1938. It took about 9 years to find a commercial partner (Carlson was turned down outright by over twenty companies), 12 years before a first-generation machine was produced, and 21 years before the first commercially successful product. Students often express surprise at this long period, but come to realize that many common technologies had similarly difficult beginnings.

The third question deals with an issue that is more cultural than scientific. We have found that most students (at least at our institution) have little faith that hard work can be expected to yield financial rewards. Stories (both true and untrue) abound concerning inventors that earned little or nothing from their work, while others made millions. In fact, Chester Carlson made upwards of $150 million from his invention, most of which he gave to charitable causes. However, our students generally assume the contrary until they read otherwise. Every semester, about 10% of our class fails to find this information, and most guess the contrary. Many even provide justification. For instance, one student wrote “No, because the poor guy sold the rights.” Another simply put “No he did not, he died”

Another method of getting students interested in the essays (and the questions) is to occasionally raise controversial subjects, particularly near the beginning of the semester. These need not (and probably should not) invoke outrage. However, a topic that raises students blood pressure slightly tends to get discussed before class. This has the effect of motivating students who had not read the essay, as they gain a sense that they have missed out on something. As an example, a WIPGF about electric vehicles, followed by a few questions about environmental and financial considerations has had this effect at IUPUI. Students are also sensitive to the issue of bogus information on the Web. We tap into this concern to further motivate students by occasionally encouraging them to use the knowledge they have gained to critique information on the Web. To accomplish this, we occasionally use questions titled “Don’t believe everything you read.” For instance, we ask “What is wrong with the following quote found on a Web site about Nikola Tesla: ‘A Tesla coil is a special transformer that takes a small amount of power and boosts it rapidly to a great deal of power.’”

Student Reaction

Our students reaction to WIPGF is quite favorable. In an anonymous post course survey, students were asked to rate WIPGF scale of 1 to 10, the rating was 7.9. Students were also asked the question “If you could choose between two equal professors, but one of them provided “What is Physics Good For?” while the other did not, which would you choose? 90% said that they would choose the professor who provided WIPGF. Students were also asked to describe what they liked or did not like about WIPGF. The results included the following:

“It shows applications of real life physics and encourages students to think outside the classroom.”

 “I like the Good For questions because they opened my eyes to physics topics outside of the book and the immediate class material.”

“You never know when information we learned will come in handy and it makes good dinner conversation.”

“I think so. It opens a window to where physics is used in the real world. It brings a lot of interesting facts and information about the world.”

 “I don’t think they were a good idea because you had to go everywhere to find the answers to it and it took a lot of time. They were interesting to read in relation to the chapter being discussed”

“It gives practical apps and that’s what we need at times.”

“I think it gives an unfair advantage to those who would rather pass by extra credit than study the course material.”

 “It has taken me to places I would never have thought to have gone on the internet (hybrid cars, lightning, Thomas Edison).”

 “It is a nice break from the actual work, and yet I learn a lot from them. Or at least, it motivates me to learn more.”

“Mainly the x-credit, but once you get beyond that you learn a lot of cool things that are practical.”

“I love it! First of all it provides a link to the real world. Intro physics is somewhat abstract, and the ‘Good For’ connects it with what is going on today. Secondly, I believe students today have little understanding about what sort of research is going on today, and the ‘Good Fors’ helped bridge that gap.”

Conclusion

This paper describes the use of online enrichment materials in the teaching of an introductory physics course. The materials are presented as a weekly essay titled “What is Physics Good For?” Based on surveys of student attitudes, these materials have been shown to have a positive effect on students’ motivation to study and on their scientific literacy. In addition, the use of research questions following the essays affords students some practice in written communication. Materials such as these are applicable in a wide range of settings, particularly large, introductory level courses which most students take to satisfy broad university requirements.










� As an example, Edison attempted to discredit ac power as inherently dangerous, and carried out a highly publicized series of experiments in which he electrocuted dozens of animals ranging in size from cats to horses. He also suggested to use of electrocution by ac power as a means of capital punishment, and referred to the device as the “Westinghouse Chair.”


� Chester Carlson, who invented the xerography process, was the son of a barber who lost his ability to work due to crippling arthritis. Carlson supported himself and his family, put himself through Caltech, then invented the copier in his spare time while working in the patents department of P. R. Mallory (a tedious job that involved writing out multiple copies of forms by hand). Despite a long lag between his initial invention and commercial success, Carlson became quite wealthy and a major �philanthropist.
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